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ABSTRACT 


The Hwnmingbird is a 150-lb. gross weight, remotely piloted helicopter (RPH) with 
a 50-lb. payload and a rotor radius of 10.25 ft. It 1s powered by a 25 h.p. air cooled two- 
cylinder Westlake engine. As such it represents one of the largest RPH's in the world. It 
was purchased from Gorham Model Products in 1992 to provide a suitable rotor craft 
research flight test platform for the Department of Aeronautics and Astronautics at the 
Naval Postgraduate School. The helicopter was delivered disassembled and was 
accompanied by an ample supply of replacement and spare parts. Also included was a 
second helicopter in a partially assembled condition that had been previously flown. 
Assemblies provided comprised the chassis, main rotor transmission, rotor head assembly 
and tailboom with tail rotor gear box and rotor. The task undertaken by this thesis was to 
fabricate one complete fully operable RPH and to design, fabricate and install whatever 
new assemblies that were required for its NPS mission and to make up for deficiencies in 
the previous design. The work completed required: (1) Design, fabrication and installation 
of a new skid-type landing gear system; (2) Redesign, and incorporation of a new engine 
mount system; (3) Modification of the engine and main rotor transmission coupling; (4) 
Upgrade of the electrical system and elongation of the nose section; and (5) Initial engine 
testing. Recommendations tor future modifications to the helicopter and laboratory 


facilities, and development of a static hover test fixture are also included. 
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I. INTRODUCTION 


In an effort to expand its capabilities in the area of helicopter research, the Department 
of Aeronautics and Astronautics at the Naval Postgraduate School purchased in 1992 the 
Hummingbird remotely piloted helicopter (RPH) from Gorham Model Products Inc. The 
RPH was delivered disassembled and was accompanied by a second, previously flown, 
partially disassembled helicopter. Along with the two vehicles a supply of replacement and 
spare parts adequate for the complete fabrication of two Hummingbird class helicopters 
was provided. The task undertaken by this thesis was to fabricate one complete fully 
operable RPH and to design, fabricate and install whatever new assemblies that were 
required for its NPS mission and to make up for deficiencies in the previous design. Final 
assembly was tollowed by a ground test of both the engine and the helicopter. 

In an effort to prolong the service life and increase the survivability of the 
Hummingbird beyond that of the original design three major design modifications were 
introduced to the landing gear assembly, the main transmission and engine coupling and the 
engine mounting system. Minor modifications were also incorporated into the nose 
section, the electrically powered !light control system, and the rotor head assemby. 

In order to facilitate the fabrication of a second RPH and also provide a source 
document for the periodic maintenance of Hummingbird IJ, an itemized inventory of parts 
acquired from Gorham Model Products [Ref. 2] and a comprehensive list of hardware, 
service and supply companies utilized during the assembly of the helicopter were provided 
as Appendix A. A detailed procedure for the removal and installation of the engine, and 
portions of the Westlake engine operators manual [Ref. 3] pertinent to the performance of 


maintenance on the engine were provided as Appendices B and C respectively. 


During the redesign, assembly, and test of the helicopter and based on previous and 
Current reasearch associated with the RPH, recommendations for seven future 
modifications to the flight vehicle are given. Considering the current and expected future 
expansion of helicopter research at NPS and its possible selection by the U. S. Army as 
one of three national Centers of Excellence in rotorcraft research, three recommendations 
for developement of recently acquired spaces in Building 230 into a dedicated, fully tooled 
RPH laboratory with nearby outdoor test area also surfaced. 

With complete assembly, design modification and ground tests of Hummingbird |! 
accomplished, the Department of Aeronautics and Astronautics at the Naval Postgraduate 
School has been provided a fully operational flight vehicle and base platform for future 
scale model helicopter research in areas such as NOTAR and Higher Harmonic Control 


(HHC). 


tO 


Ii. BACKGROUND 


A. PREVIOUS RESEARCH 

Expanding research in areas such as Higher Harmonic Control (HHC) and No Tail 
Rotor (NOTAR) generated the requirement within the Department of Aeronautics and 
Astronautics at the Naval Postyraduate School for the acquisition or fabrication of a 
remotely piloted helicopter (RPH) of suitable size to be used as a flight test platform for 
these projects. Requirements tor the new RPH included: matching full scale rotor blade 
Reynolds numbers; being of a size compatible with the NASA Langley 1/4 scale wind 
tunnel; capable of operating at a derated power setting to prolong aircraft service life; 
having ample spare parts for repair and maintenance; having a payload capacity more than 
15 pounds; and having a design suitable for incorporating HHC and NOTAR 
modifications. Based on these requirements, LT. James L. Vandiver conducted as his 
thesis project a detailed design analysis to quantify these needs and acquire a suitable 
platform. 

The research conducted by LT. Vandiver included trend analyses of existing full scale 
helicopters, tradeoff studies, and a constraint analysis of the main rotor system. Examples 
of these have been included as Figures | through 3 respectively. [Ref. 1] These analyses 
produced initial design parameters such as; a 130 pound gross weight, a 87.5 pound empty 
weight, a rotor radius of 4.86 feet, and a disk loading of 1.75 pounds per square foot. 
Using this data, the choice of whether to design and fabricate or to acquire through the 
commercial market an adequate RPH was made. "The second alternative, being the most 
productive and time smart, was chosen." [Ref. 1] With this decision made, he then 
embarked on a prolonged search throughout the commercial market, eventually locating and 


purchasing a helicopter that satisfied NPS requirements. 
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Figure 2. Figure of Merit and Reynolds Number Tradeoff [Ref. 1] 
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Figure 3. Constraint Diagram [Ref. 1] 


B. GORHAM MODEL PRODUCTS 

The helicopter that was purchased by NPS was designed and produced by Mr. John 
Gorham, owner of Gorham Model Products. Under contract with MICOM, the U. S. 
Army's Missile Command, GMP designed and produced ten 165-pound remotely piloted 
helicopters. They were originally designed as 1/5 scale Hind-D helicopters with the 
purpose of acting as recognition drones for MICOM 1/5 scale war games. Upon 
completion of the contract, GMP offered for sale on the commercial market its remaining 
helicopters. Since the Naval Postgraduate School purchased the last available Hind-D, it 
was also given an abundant supply of spare and replacement parts along with a second, 
partially disassembled, previously flown and crashed helicopter. Figure 4 shows one of 
these RPHs in hovering flight. Figure 5 shows Mr. Gorham surrounded by six of his 
Hind-D helicopters. Table | contains data on the Gorham 1/5 scale Hind-D RPH renamed 
Hummingbird 1. (Ref. 1] 
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TABLE 1: GORHAM HIND RPH DATA 


Hummingbird: 


Characteristics 


Weights 

Max Gross Weight 165 lbs 
Empty Weight 115 lbs 
Fuel capacity 6.5 lbs 


Rotor Parameters Main Tail 


Radius (R) Saar 3" LZ 
enord (c) 6" 2625." 
Solidity (sigma) 0.0061 Om eZ 

No. of blades (b) 2 8 

Tip speed 303 fps 241 fps 
Twist -5 0 

Hinge offset ration (e/R) || 0.127 0.24 
Airfoil NACA 0012 NACA 0012 


Engines 


Type Westlake 342 Series 2100D 
Number it 

Maximum Usable Power 25 BHP @ 7000 rpm 
Maximum Torque 25 ftlb @ 4000 rpm 





C. THE CHRONOLOGY OF MODIFICATION AND ASSEMBLY 

From initial parts inventory through the final stages of ground tests, a specific 
sequence of events was followed to ensure all modifications and additions to the original 
design were incorporated into Hummingbird 1. Aninventory and organization of all new 
and used parts and assemblies acquired trom GMP was completed at the onset of the 
project. Figures 6 and 7 depict the major assemblies that were acquired. The engine 
compartment and main transmission of the RPH that had flown previously were then 


disassembled to analyze design deficiencies in the area of the main transmission and engine 


output shaft coupling. Figure 8 depicts the previously flown chassis. Through this 
disassembly, a procedure for the assembly of the engine compartment of the new RPH was 
established. Following this, all new parts and assemblies that were found to be necessary 
during the disassembly were designed and manufactured. The drive train, landing gear 
system, and electronic system were then installed. Next, the fiberglass forward fuselage 
and tailboom were secured to the chassis, aligned and fitted together. Pinholes in both the 
fiberglass sections were then filled and both sections were primed and painted. The main 
and tail potor systems were assembled and ngged for flight using ngging data included in 


Appendix D. Finally, the helicopter was weighed, balanced, and statically ground tested. 
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Ill. DEFICIENCIES FOUND 


A. DEFICIENCIES FOUND IN THE RPH ORIGINAL DESIGN 

Careful inspection of the Hind-D RPH that had previously flown revealed 
requirements for the redesign or modification of four major assemblies. These assemblies 
included the landing gear system, the engine and its mount system, the nose or electronics 
compartment and portions of the main rotor assembly. 

1. The Landing Gear 

The original design of the landing gear assembly, depicted in Figure 9, contained 

two significant flaws. This rigid tripod type system lacked any load absorbing capability 
and would collapse in the event of a hard landing. Also, the narrow lateral tread width of 
21 inches for this original design made the vehicle a tipover threat during takeoff and 
landing. 

2. The Engine and Mount System 

Careful analysis of the main transmission and engine shaft coupling of the RPH 

that had previously flown showed excessive scorching of the lower end of the main 
transmission shaft, destruction of the bearings surrounding the shaft, and deterioration of 
the brass bushing used between the two shafts as seen in Figure 10. The reason for this 
excessive wear was found in the method by which the engine was originally mounted to the 
airframe. The two channels mounted to the bottom of the engine as seen in Figure 7, 
Chapter II, were bolted to the helicopter chassis using rubber washers as spacers. The 
only other point of attachment for the engine was where its output shaft slid inside the 
shafting of the main transmission. Therefore, the engine was soft mounted and its output 


shaft was free to migrate within the main transmission shafting rotating at ten times the 


10 


Speed as the transmission shatting. Figure || shows the engine and transmission coupling 
where the damage was found. 
3. The Nose Section 
The nose section or electronics compartment was determined to be of insufficient 
area to provide the space necessary for the electronics, fuel tank, and ballast weights. The 
RPH that had flown had ballast weights attached to various places on the nose compartment 
and the fiberglass forward fuselage to pouiiter an aft center of gravity. 
4. The Main Rotor Head 
The main rotor head incorporates a Bell-Hiller stabilizer paddle and weights 
assembly to increase cyclic control power. The centrifugal forces generated by these 
weighted paddles threatened to cause the paddles to be thrown from the rotor head due to 
their only being attached by two set screws per paddle. Also, although the main rotor head 
assembly and the main rotor blades themselves were provided fittings for lead-lag links, no 


links were provided. 
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Figure 11. Schematic of Engine and Transmission Coupling 


B. MAINTENANCE STAND 

During the disassembly of the RPH that had tlown, it was found necessary to develop 
a stand on which the chassis could be placed in an inverted position to facilitate 
maintenance. The stand that was found proved useful both as a maintenance stand and a 


test stand for the static ground tests. The maintenance stand is depicted in Figure 12. 


he 


Pe ae, 
ee F pie is 


oP steel 7 
By F0 tie CREE 


er ¥ 

“Up vy A 

¥ . P SC CC a vp 
6 hy NCGS ON SS ee 
es, Ke. la Ew ae ty ssh % @ 


a tye ae Ye, 
SS. A Bae Ye Me LUE GE 


WAKE 


ES APS od 


SPAS 


Bs OUI Ga 
oy fin Goo? 
a 2 ee 


4 
-% 
4 
4 





Figure 12. Maintenance fant 
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IV. DESIGN MODIFICATIONS 


Parts and assemblies were designed and tabricated to correct defects discovered in four 
seperate areas of the helicopter. These areas included the landing gear system, the engine 
mounting system with coupling between engine and transmission, the nose section and 


associated electronics, and portions of the main rotor head assembly. 


A. THE LANDING GEAR SYSTEM 

A skid type landing gear system was Selected to best correct the deficiencies of the 
orginal tripod system. Asa result of Hummingbird | having a two bladed main rotor, an 
undamped skid-type system could be incorporated without concern for ground resonance. 
Using dimensions obtained from the Robinson R22 and R44 helicopters [Refs. 4 and 5], 
a tread width to helicopter height ratio was determined and used to initially size the RPH 
skid system. This system was composed o! two skid supports made of 0.375 inch by | .0 
inch 6061-T6 aluminum, two internal supports made of 0.125 inch by 1.0 inch steel, four 
skid clamps made of 1.0 inch by 0.0625 inch steel, and two 36 inch long skids made from 
().875 inch diameter stainless stee! tubing. Figures 13 depicts the three renditions of the 
skid support design with the final design providing maximum tread width and minimum 
ground clearance. Figure 14 shows a side view of the skid system attached to the 
helicopter chassis. Figure 15 depicts the completed landing gear system mounted on the 


chassis. 


INITIAL DESIGN SKID SUPPORT BRACKET 
FRONT View 










4mm Loch Mus 


125° Trach 
Sid Clemo 


-- ——— 26 5° —_-- 


SECOND RENDITION 
FRONT VIEW 





el fo 


375” Holes 
Clomp 
Thickness 
0625" 


7m 





4x 4mm Boll Holes 
2925” TRACK 


| F A75" Stointess Steel Skid Tubing 


FINAL DESIGN (2 SKID SUPPORTS) 
FRONT VIEW 6061 T6 ALUMINUM 1.0" X0.375" 
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Figure 14. Side View of Skid System Attached to the Chassis 
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B. ENGINE MOUNT SYSTEM AND TRANSMISSION COUPLING 

In order to correct for excessive friction, high temperatures and high stress 
encountered in the area of the engine shaft and main transmission shaft coupling, a three 
piece mount system and a needle bearing were designed and installed. With the needle 
bearing installed instead of the brass bushing used in the original design, engine alignment 
became a critical factor. The purpose of the three piece mount System was to maintain that 
alignment and to more rigidly secure the engine to the helicopter chassis. 

1. The Needle Bearing 

After determining that the engine output shaft could be aligned and held secure 

inside the main transmission shatt, it was found that the brass bushing could be replaced by 
a needle bearing packed with high temperature automotive grease designed for operation 
under extreme pressure. The outer diameter of the engine shatt was measured at 0.625 
inches and the inner bore of the main transmission shaft was measured at 0.8125 inches. 
The depth to which the engine shaft went into the transmission shaft was measured at 0.45 
inches. A needle bearing was then found that fit these dimensions and was purchased from 
Sterling Instruments. [Ret. 6] l-igure 16 depicts the needle bearing as well as the grease 
that was used to pack the bearing. The needle bearing was rated tor a maximum speed of 
22,000 rpm, maximum dynamic load of 1,290 pounds, and a maximum static load of 


1,140 pounds. 





Figure 16. Needle Bearing, Grease, and Transmission Shaft with 
Bearing Inserted. 


2. The Lower Engine Mount System 

After the engine shaft was lowered into the the transmission housing (0.1755 
inches of spacer shims were installed to ensure separation between the engine clutch 
assembly and the main transmission), tt was carefully aligned and measurements were 
made of the separation between engine support channels and outer chassis. With these 
measurements, the two lower enyine mounts were designed and fabricated using 6061-T6 
aluminum bar that was 0.375 inches thick hy 1.5 inches wide. Figures 17 and 18 show a 
schematic of the two components and the completed components respectively. The 
grooves were cut to a depth of 0.094 inches to ensure proper spacing between the engine 
and the transmission. These grooves were designed to hold the channel beam supports that 
were attached to base of the engine. The backs of the two mounts were bored out at the 


appropriate locations to ensure they sat flush to the chassis once installed. Figures 19 and 


20 


20 depict the spacer shims used to ensure separation between the clutch and transmission 
and the bores located on the backs of the two mounts. 

With the two lower engine mounts placed on the chassis, the engine was lowered 
into position and realigned. A center punch was used to mark the exact positions of the 
holes for the engine mount attachment bolts. These holes were then drilled and the lower 
mounts were loosely fastened to the chassis using the attachment bolts. The engine was 
again lowered into place and aligned with its channel supports resting in the grooves. A 
center punch was again used to mark the positions of the four engine attachment bolt holes. 
The lower mounts were removed and the tour holes were milled. Next, the two lower 
mounts were secured to the chassis with the bolts and locknuts and the holes for the engine 
attachment bolts were drilled through the chassis. Four steel spacers were machined to 
decrease the gap between the engine channel supports and the lower mounts. Figure 21 
depicts the lower mounts with the channel spacers in position. 

Final installation of the lower mounts and engine was next completed. The 
needle bearing was packed with extreme pressure grease and the spacer shims were 
lubricated. The engine was lowered into position and aligned with the grooves. Then, the 
steel channel spacers were placed in position and the four engine attachment bolts were 


secured. Figure 22 depicts the final lower mount assembly with the engine installed. 
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Figure 17. Schematic of Lower Engine Mounts 
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3. The Upper Engine Mount 

In order to maintain engine alignment within the needle bearing during engine 
Operation, an upper engine mount assembly was required to counter torque and longitudinal 
pulling of the engine transmitted from the helt drive of the main transmission. Figure 23 
shows the schematic of this upper mount system, which was fabricated from 1.0 inch angle 
Stee]. Figure 24 depicts the upper mount assembly installed in the chassis. With the two 
upper cylinder head screws from the alt cylinder removed, the upper mount cross member 
was placed with the two hexagonal sleeves aligned with the screw holes on the engine. 
Longer head screws were then inserted through the sleeves and tightened with a torque 
wrench to the required torque value. The two end supports were then fastened to the 
crossmember and holes were drilled through the chassis for the attachment bolts. The 
chassis had previously been reimntorced by riveting a strip of 0.0625 inch thick sheet 


aluminum to the exterior of the chassis on both sides. Two bolts were then run through the 


tJ 
A 








supports and chassis and the upper mount assembly was secured to the chassis with 
locknuts. This design, while providing the necessary support for the engine, was also 
chosen for its ease of installation and removal. The cross memher could be removed by 


disconnecting its ends from the wall supports and removing the two cylinder head screws. 
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Figure 23. Upper Engine Mount Schematic 
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Figure 24. Upper Engine Mount Assembly Installed 


C. NOSE AND ELECTRONICS MODIFICATIONS 

The nose compartment that was delivered with the helicopter was found to be too small 
to accomodate the electronics, !uel tank and ballast weights. The plywood deck of the 
compartment was therefore lengthened 6.0 inches. Figure 25 shows the shematic of the 
modified nose compartment. Velcro harnesses were installed to secure the fuel tank, 
batteries, and radio receiver. A solid state rate gyro and a radio controlled magneto- 
grounding switch were also installed as upgrades to the original design. The grounding 
switch was installed for safety purposes. providing an emergency engine shutdown 


capability. Figure 26 depicts the tinal layout of the nose compartment. 
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Figure 25. Schematic of Enlarged Nose Compartment 
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D. THE ROTOR HEAD ASSEMBLY 

Two modifications were incorporated in the main rotor head assembly. Main rotor 
blade lead-lag links were fabricated from stcel turnbuckles, since none were provided with 
the helicopter. Figure 27 depicts one of the lead-lag links after installation. Cyclic control 
power and stabilization was provided by incorporating a Bell-Hiller stabilizer paddle and 
weight assembly. To prevent the weighted paddles from seperating from the aircraft due to 
centrifugal force, the ends of the hars were threaded and locknuts were attached. Two set 
screws above and below the attachment points of the two paddles also aid in securing them. 


Figure 28 depicts one of the Bell-Hiller stabilization paddles with the locknut secured. 
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Figure 27. Main Rotor Blade Lead-Lag Link 


Figure 38. Bell-Hiller Stabilization Paddle with Locknut 





V. FINAL ASSEMBLY & FLIGHT PREPARATION 


Once all the design modifications were completed and installed, the fiberglass fuselage 
and tailboom had to be fit to the chassis, repaired, primed and painted. Also, before the 
static ground testing of the RPH, the main and tail rotors needed to be rigged for flight and 
the control radio adjusted. A listing the final specifications has been included in Appendix 


Di 


A. FUSELAGE INSTALLATION 

The tail section was first secured to the aft end of the chassis, followed by the forward 
fuselage being slid over the chassis to where it overlapped the tail section by 0.25 inches. 
With seven dzus fasteners previously riveted to the chassis, holes were drilled for the male 
ends of the fasteners. These malc ends were then riveted in place and the forward fuselage 
was fastened to the chassis. Figure 29 depicts this fitting process. 

Access ports previously cut into the forward fuselage on the port side were misaligned 
and had to be patched and recut. Figure 30 depicts the forward fuselage after patching. 
Following this, both the forward luselage and the tailboom were repaired for pinholes with 
a fiberglass sealant. Figures 31 and 32 depict the pinhole repair process of the fuselage and 
tailboom respectively. 

Final body work involved recutting the access ports, sanding of the entre fuselage, 
application of a primer coat, wet-sanding of the aircraft and final coat application. Once the 
gloss white enamel topcoat had dried, navy blue gloss enamel highlights, striping, and 
custom decals were added. Figures 33 and 34 depict the resultant fuselage and tailboom 


paint job. 
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Figure 30. Forward Fuselage Patching 
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Figure 31. Forward Fuselage Pinhole Repair 
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Figure 32. Tailboom Pinhole Repair 
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Figure 34. Final Paint Job, Starboard Side 


34 


B. PREFLIGHT RIGGING OF THE ROTOR SYSTEMS 

Prior to static ground tests of the helicopter, both main and tail rotor systems were 
fine tuned and rigged according to data provided by Gorham Model Products, included in 
Appendix D, During this rigging process, the Futaba radio transmitter was adjusted and all 
batteries for the helicopter, the radio, and the starter were charged. Also, the starter cables 


were lengthened and connected to a toggle switch to start the helicopter remotely. Figure 


35 shows the radio transmitter. 
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Figure 35. Futaba Radio Transmitter 
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VI. GROUND TESTS 


Static ground tests were conducted after the completion of the assembly of 
Hummingbird 1 including testing and break-in of the new engine, blade tracking and 
balancing, checking autorotative capabilitics, and checking the structural integrity of the 
helicopter. The engine, having never been run, was required to be run statically for two 
hours to ensure it would be properly broken-in according to the Westlake operators manual 
(Ret. 3] in Appendix C. Tests were conducted in the outdoor engine test area behind 
Building 230 at the NPS Annex. Due to lack of cooling air to the cylinder heads when 
Operating the helicopter statically at idle speeds, each run was limited to between 5 and 10 
minutes duration to avoid overheating the engine. Four successful runs totalling 
approximately 21 minutes have heen completed. During these runs, blade tracking and 
blade balancing were completed and hover power was achieved. The emergency engine 
cut-off switch was used successfully on all engine shutdowns. During one shutdown from 
idle power, the time for the rotors to completely stop was measured at approximately 2 
minutes in an attempt to ascertain whether the vehicle could successfully autorotate. Also, 
during early test runs, several holts and assemblies were found to have worked themselves 
loose and were refastened securely using lock thread compound. Figure 36 depicts the test 


facility with the RPH mounted on the static test stand. Figue 37 depicts the test stand itself. 
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Figure 37. Static Ground 
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VIE. CONCLUSIONS AND RECOMMENDATIONS 


A. CONCLUSIONS 

The Gorham Model Products Hind-D remotely piloted helicopter was modified to 
better suit the needs of the Naval Postgraduate School and to correct for major design 
deficiencies found through caretul inspection of the original helicopter. The landing gear 
system was improved to provide a load ahsorbing capability through the use of high 
strength aluminum skid supports and the tread width was increased 140%, resulting in a 40 
degree static ipover angle. A rigid engine mount system combined with the incorporation 
of a needle bearing between the engine drive shaft and the main transmission shaft greatly 
reduced the severe friction and high temperatures associated with the original design. 
Enlarging the nose compartment provided ample room for the electronics, fuel tank, and 
ballast weights. Also, all ballast weights were consolidated to one location to simplify 
weight and balancing of the helicopter. Updates to the electronic components, including 
the solid state rate gyro for yaw control, and the incorporation of a remotely controlled 
engine shutdown switch improved the satety of vehicle operations. The addition of 
locknuts to the inboard ends of the Bell-Hiller stabilization paddles also improved the safety 
of helicopter operations. A completely assembled and ground tested RPH was produced 
that can serve as a flight-capable test platform for future research projects including, the 
installation of a NOTAR tailboom: and active vibration reduction through HHC. 

To facilitate the possible future assembly of a second Hummingbird helicopter and to 
provide all information necessary for the maintenance and repair of Hummingbird 1, this 
thesis document was compiled and organized to act as an operators manual for the 


helicopter. Schematics for all design modifications were included, accompanied by a parts 
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inventory, engine removal procedures, engine maintenance procedures and rotor rigging 


data. 


B. RECOMMENDATIONS 
Although several of the original design deficiencies have been corrected, seven 
additional modifications were identified as necessary for future research with the helicopter. 
In addition, three recommendations surfaced that would improve the laboratory facilities. 
1. Recommendations for the Helicopter 
a. Redesign of Main Transmission 

The gear reduction necessary to provide realistic rotor blade Reynolds 
numbers for future work in HHC requires that one of the large gears in the main 
transmission be reduced in size. Although the engine clutch allows the rotor systems to 
freewheel upon engine shutdown, the helicopter should be analyzed for its autorotative 
capability and, if necessary, a one-way bearing should also be installed that allows both 
rotors to freewheel in case of engine failure. Allowing both rotors to freewheel provides 
the operator with directional control during such emergencies. Figure 38 depicts the main 
transmission as viewed from the hottom access port in the chassis. 

Although a new mounting system was designed and installed to alleviate the 
extreme temperatures and friction in the area of the interface between the engine and 
transmission shafts, a permanent couple must be designed to completely correct this design 
flaw. The scorched shaft and brass bushing from the chassis of the RPH that had flown 
were loaned to the Department of Material Sciences at NPS where it will be analyzed to 
determine the stresses involved. The results of this analysis should aid in designing or 


obtaining a permanenent coupling suitable for the helicopter. 


b. Design a Three Bladed Rotor Head 
In order to begin research in the area of HHC, a three-bladed rotor head 
assembly must necessarily be designed and fabricated. The design alone comprises a thesis 
project. 
c. Build Hummingbird 2 
During the initial inventory of parts and assemblies delivered from GMP and 
the disassembly of the second helicopter that had flown, it was discovered that enough 
parts remain to build a second RPH. Assembly of a second helicopter would greatly 
expand the research capabilities of the department, but also would drastically reduce the 
supply of spare and replacement parts available. 
d. Design and Fabricate Horizontal Stabilizers 
The helicopter currently is capable of hovering flight only. Horizontal 
Stabilizers must be designed, fabricated and installed on the tailboom of the helicopter. 
Incorporation of an adjustable trim mechanism would also be preferable. 
e. Modify Forward Fuselage 
The forward fuselage currently on the helicopter needs to be modified to 
increase the internal volume of its nose area. Currently, this assembly requires excessive 
force to align the fasteners of the fuselage with the chassis. Also, increasing the size of the 
front end of the fuselage will afford more space for payloads in the nose compartment. 
f. Spline Starter Shaft and Gear 
During the ground tests of the RPH, the output gear for the starter motor 
repeatedly worked itself free duc to its only being fastened with a set screw. Milling or 


drilling an indentation in which the set screw could seat would alleviate the problem. 
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g. Continue Towards NOTAR and HHC Research 
With a suitable flight test platform available, research in the areas of NOTAR 
and HHC can progress. Figure 39 depicts NOTAR tailboom assemblies that have been 
designed and fabricated for installation on the Hammingbird RPH by students including 


eee vl. Borno (Ref. 7] and LT. Robert King. [Ref. 8] 
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Figure 38. Main Transmission 
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Figure 39. NOTAR Assembli 
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2. Recommendations for the Facilities 
a. Create RPH laboratory in Building 230 
Adequate space has been provided in Building 230 at the NPS Annex for a 
remotely piloted helicopter laboratory. The laboratory will need to be supplied with 
adequate tools, and manned by uw dedicated RPH technician. Expanding research both in 
fixed wing and rotary wing remotely piloted vehicles will soon limit student accessibility to 
the current sole technician. Associated with this laboratory, the outdoor engine test facility 
located behind Building 230 should be maintained and used for all static tests. 
b. Design and Fabricate a Hovering Fixture 
A hovering fixture similar to that developed at HAWC WD China Lake should 
be designed and fabricated for use with the 1/4 scale helicopter. This mechanism, while 
eliminating any risk of crashing the RPH, would allow sate dynamic testing of the current 


helicopter and future modifications of the vehicle in hovering flight. The fixture at China 


designed for helicopters in excess of 13,000 pounds gross weight. [Ref. 9] A similar 


stand with a capacity of 300 pounds or less should be designed and built. Figure 40 


depicts the hovering fixture. 
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Figure 40. Hovering Fixture 
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TC 040 
TC oft 
1C 042 
1c 019 
TC-04f 
TC 05 
1C-047 
TC 048 
TC 049 
TC 050 
TC- 65! 


TC 05) 
TC 054 
1c 655 
TC 056 
TC-057 


TC 063 
TC 064 
IC 065 
TC 066 
TC 067 
TC 068 
TC 069 
TC-070 
TC O71 
TC 072 
1C-073 


TC 076 
1C On 
IC 078 
IC 079 
TC 080 
TC 081 
TC 085 
TC Of6 


CRATER SHCTIOR 


CRRTER SECTION 


CRATER SRCTIOR 


SUPPLIERS 


GMP PARTS INVENTORY 


LOCATIOR 


CHIR FLTR CATRES Pitch Belcrnk Flrot 
CNTR FLTR CRIRLS Pitch Locating Ara 
CHIR FLIR CRIRIS Locating Are Block 
CRIR FLIR CRIRLS Are Plvot Shalt 
CRIR FLTR CHIRIS Mntg Bracket -Stde 
CRIR FLTR CRIRLS Hntg Bracket- Botton 
CHIR-FLTR CHTRLS Pitch Bell Crank 
CRIR-FLIR CHTRES Pitch Lever 

CATR FLIR CHTRLS Bearing 

CRIR FITR CHIRIS Back Up Plate 
CRIR-FLTIR CATRES Pitch Lever 


SWASRFLATE 
Inner Ring 
Outer Ring 
Bearing 

Pivot Bearing 


CATR SWASAPLT 
CHTA SWASAFUT 
CHIR SWASUFLT 
CHIR. SWASHPLT 


RADIUS ARH 

Radius Ara (A) 
Hoonttng Block 
Pivot Alor 

Spacer Block -Seall 
Spacer Block-Large 
Crone Keaber 
Bearing 

Radlun Ara (B)(*CTC-064) 
Bearing Spacer 
Rearing 


CHIR RADS ARK 
CRIR RADS ARK 
CNTR RADS ARM 
CATR RADS ARK 
CATR RADS ARM 
CRTR RADS ARK 
CNTR RADS ARM 
CHIR RADS ARH 
CATR RADS ARM 
CTRR RADS ARM 


PUSHIRODS 
Corhrod 5° 
Ceshrod-6.1° 
Ponhrod-§.3° 
Tnshrod §.5° 
Bal! Und-Right 
Pushrod 1.817 
Tashrod 1.157 


CRIR FSHRDS 
CHIR PSTRES 
CRIR PSHRDS 
CATR PSARDS 
CRIB PSARDS 
CRIR-FSARDS 
CNTR FSHRDS 
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APPENDIX A: PARTS INVENTORY AND LIST OF AREA 


GTC -040 
GTC-041 
GIC-042 
GIC-043 
GTC-048 
GIC-045 
CIC-047 
CTC- 046 
CTC-049 
CTC- 050 
GTC- 05! 


CIC -053 
CTC-05¢ 
CTC-055 
GIC-056 
CTC-057 


GIC-063 
GTC -064 
GIC-065 
CTC-066 
GIC-067 
CTC -068 
GIC-069 
GIC-070 
CTC-or] 
C1C-072 
CIC -073 


CIC -076 
GTC-077 
GTC-076 
GIC-079 
CIC-080 
CTC -08) 
CTC- 085 
CTC-086 





IC 090 
TC 091 
IC 092 
TC 099 
TC 094 
TC 095 
TC 096 
TC 097 
TC 098 


T 100 
T 100 


1F-00] 
TF 002 
TF 003 


C 00! 
TC -002 
TC -003 
TC 004 
TC 005 
TC 008 
TC 007 
TC 008 
TC 009 
TC 010 
TC olf 
TC O12 
1C-019 
TC on 
TC 05 
TC. 016 
TC O07 
TC 008 
TC-019 
TC 020 
TC 023 
TC 02¢ 


TC. 025 
Th AK 


GMP PARTS INVENTORY 


CRATER SRCTIOR 


CATR RADIO 
CRIR RADIO 
CRIR RADIO 
CRIR RADIO 
CRIR RADIO 
CHIR RADIO 
CHIR RADIO 
CRIR RADIO 


FRONT FUSELAGE 
FRONT FUSELACE 
FRONT FUSELAGR 


CRRTRR SKCTION 


CNTR HE CHASSIS 
CHIR MR CHASSIS 
CNTR MN CHASSIS 
CHIR KA CHASSIS 
CRIR HA CHASSIS 
CRIR HA CHASSIS 
CRIR KA CHASSIS 
CNTR WN CHASSIS 
CRIR MR CHASSIS 
CRIR AN CHASSIS 
CRIR KR CHASSIS 
CRIR HR CHASSES 
CHIR WA CHASSIS 
CRIR MN CHASSIS 
CHIR WN CHASSIS 
CATR KM CRASSIS 
CRIR KA CRASSIS 
CRIR MA CHASSIS 
CRIR MR CHASSIS 
CHIR MN CHASSIS 
CHIR MM CHASSIS 
CATR WR CHASSIS 
FRTR MA CHASSES 


RADIO 
Transaltter onft 
Recelver 
Servo-Saall 
Suvltch-Recelver 
Servo Large 

Grro 

Sultch Crro 
Gattery-12 Volt 


Rind D COMTLETKE 
RIRD-D COMPLETES! 


t Crated & coaplete. 
{t Ready for Final anreably, less radio Rr & Tr. 


PLUS TAS FOLLOWING PARTS 
1/6 Shel! 

Drua Fastener Stud 

Dens Fantener Weld Plate 


KAIW CRASSIS 

Side Paneta 

ind Paneln 

Bottom Panel 

Top Panel 

Corner Panele 

Carnet Panel Braces 
Tower Panels 

Tover Doubler 

Servo Tray 

Front Panel-Rt Side 
Front Panel-Lft Side 
Radio Ceprtent-Bottos 
Radio Coprtant-Rear Supt 
Rose Gear Channe? 
Rose Cear Mount 

Rose Cear Strut 

Anse Cear Axel 

Hatn Gear Brace 

Haln Cesr Strot 
Shroud Wntg racket 
Cooling Shroud 
Engine Mount -Front 
Fnetne Mount - Rear 
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GTC. 090 
CIC-09! 
GIC-092 
C1C-093 
CIC-094 
CTC-095 
CTC-096 
CIC: 0917 
CIC-098 


cT- 100 


CTF-00! 
CTF-002 
CTF-002 


cTe- 00! 
cTC-002 
cTC-003 
cTc-004 
CTC-005 
CTC- 008 
CTC-007 
CTC-008 
cTC-009 
CTC- 010 
cTC-O1 
cIC-012 
crC-013 
CIC-o1f 
cTC-015 
CTC-018 
GTC-017 
cTC-018 
CTC-018 
CTC-020 
CTC-023 
crc-024 
CIC-025 
CTC -026 


GMP PARTS INVENTORY 


EE Ss. ES! rr 


TC 027 CRIR- HR CHASSIS Shock Mounte $ GIU-02/ 
TC 028 «= CRIR HR CHASSIS Retalning Pin 1 CIC-028 
1C-029 «= CRIR HA CHASSIS § Retaining Wire ! ¢IC-029 
TC 030 «© CRIR MN CHASSIS Haln Gr Aet { 

TC 031  CRIR MA CHASSIS Hatn Gr Axel Hovalng { 

TC 032 «= CRTR MR CHASSIS Haln Cear Axel Tle 2 610-032 
1C 033 CRATER SECTIOR FLIGHT CORTROLS GIG 099 
TC 034 «© CHIR FLIR CHIRLS Roll Lever-Long 1 GTC-03§ 
TC 095 «= CRIR FLIR CRIRLS Roll Lever-Short 1! 61¢C-035 
1C 036 «= CRIR FLIR CRIRLS Roll Lye Pivot Bik 1! GIC-036 
1C 037 «= CRIR FLIR CHIRLS Roll Pivot Shaft { CIC-037 
TC 038 «= CATR FLIR CHIRLS Pitch Lever 1 GTC-038 
TC 039 «= CRIA PLIR CRIRLS Pitch Relernk Plate 2 «GTC-039 
TC 099 CHIR RADIO Battery 6 Volt 2 =GTC-099 
TC-100  CRIR RADIO Battery Box 1 GIC-100 
TC 10! CRIR RADIO Recelver fox ! crc-10! 
TC-102 = CRIR-RADIO Servo Are 2 «¢TC-102 
IC 130 CRYTKR SECTION 

TC- 102A CRIR MW TRARS MAIR TRARSMISSIOR GIC-192 
TC 103 «= CRIR MN TRANS ~=—s Front Pulley-60th 1 IC-103 
IC 104 «= CRIR-MH TRARS =—s-s Rear Pulley-60th 1 G¢IC-104 
1C 105 «= CRIR MM TRARS «=—s Front Pulley-19-th 1 G6Ic-105 
Tc 106 CRIN MN TRARS Belt 2 =GIC-106 
1C-107 «= CRIR MR TRARS = Pulley Shaft-Front 1 GTC-107 
TC 108 «= CRIR-WA TRANS = Pulley Shaft-Rear 1 GTC-108 
TC 109 «= CRIR MM TRARS = Madn Shaft 1! €tC-109 
TC-110 «CRER-MN TRARS = «=—s Malm Shaft Wanher ! GTC-110 
TC-191 CRIR AR TRARS «Inver Bearing Block 1 GTC-19! 
TC 112 «= CRIR HR TRARS §=—s Top Channel 1 ¢TC-112 
TC-113 CRIR HR TRANS = Bottom Channel 1 67-113 
TC $14 = CRIR-HA TRANS = Front Beartng Block 1 GIC-98¢ 
TC 115 = CHIR MR TRARS = Rear T1/R Bearing Block | GIC-115 
TC 116 «= CRIR MN TRANS «= Rear Shit Brng Bik-Jop 1 €IC-116 
TC 117 «= CRIR HA TRANS = Rear Shit Brng Blk-Bots 1 efc-ti7 
Tc 118 CHIR MA TRANS Tall Drive Coupler 1 crc-118 
TC 199 «= CRIR MR OTRARS Stiffentng Rod 1 G6fC-119 
TC 120) = CRIR OR OTRARS Tel! Interaedlate Shaft 1 SIC-120 
TC 121 = CRIR MR TRARS «=—s Tall Drive Pinton 1 GIC-12! 
TC 122) CRIR MN TRARS ~—s Fall Drive Cear ! CIC-122 
TC-123 CHIR MR TRARS ~—s Front Shaft Bearing 2 670-123 
TC-120 | CHIR MN TRARS = Rear Shaft Baar ing 2 GTC-124 
10125. CRIR HN TRARS =—s Interaedfate Shaft Brng 2 67C-125 
1C-126 CNTR AN TRARS = Fower Block Bearing 1 GIC-126 
TC 127) CRIR MR TRARS «= Madn Shaft Col far ! cre-t2? 
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IU N28 
tc-129 
1C 135 
Te 136 


TS 00! 
TE 002 
18 003 
TE 004 


TT 00t 
Tt 002 
TT 003 
TT 004 
TT 005 
IT 008 
IT 007 
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CXTR MN TRANS 
CHIR HR TRARS 
CRIR HN TRARS 
CRIR KA TRARS 


FOWRR PLANT 


PWR PLRT ERG 
PWR PURT. BAG 
PWR PUNT. BAG 
PWR PERT BRC 
FUR PLAT- ORG 
WR PLAT- ERC 
PVR PLAT ORG 
PVE PLRt-eRc 
PVR LRT - ERC 
PUR PLAT- ARG 
P¥R PLAY ERC 
PUR PLAT. ERG 


POWRR PLANT 


PRR PLAT BAG 
PWR PURT- ERG 
PVR PEMT- ORC 
PWR PLAT- RG 
YR ELAT-ORG 
PWR PLRT ERG 
YR PLRT-BRG 
PVR PLAT -E8C 
PWR PLAT EKG 
TVR PLAT SKC 
PVA PUNT ER 
PWR PLAT ERG 
PVR PLRT-£R¢ 
PVE PLURT-EKC 
PVR PURE SAC 
PWR PLAT- ERC 
WR PLAT RKC 


TALL SRCTIOR 


TAIL TL GRAZ 
TAUL TL GRBX 
TALL TL GRA 
TALL TL GRBX 
TAIL TL GRBX 
TAIL TL GRBR 


Engine Shaft Roshing 
Threat Ndi Brng/2 1/10 Rac 
Dhtr Plate 

Servo Mount 


RACINE 

Air Viller 

Engine Shaft 

Cooling Yan 

Centrifegal Clutch 
Clatch Bell v/ful & Brog 
Starter 

Starter Finton 

Engine Sprocket 

One-way Sprague Clutch 
995 Cheln 

Starter Hoonting Block 
Compreseton Release Brkt 


AIRD-0 COMFLARTR 
Sprague Clutch Adapter 
Starter Mount Brkt 
Shleld Clutch 

Adapter Inpot Shaft 
0° Cilp for 3/4° Shaft 
Phvot Bolt v/ Lint 
Ball Link 

Sracing Washers 
Spactng Washers 
Trhavat Pipe 

Pan Doubler Plate (A) 
fan Doubler Plate (8) 
Exhaost Reader 
Bearing-Clotch Bell 
Adapter -Outpot Shaft 
Pivot Bolt 

Infet Ventor! 


TAIL. CRARBOE 
Coupler 

laput Shaft 

Output Shaft 

Front Case (feput} 
Rear Case (Output) 
Nnonting Plate 
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GTC- 128 
GTC-129 
GIC- 135 
GIC- 136 


CTE -001 
CTE -002 
GT£-003 
CTE -004 
GT£- 005 
CTE -006 
CTf-007 
GTS-008 
GTS-009 
GTS-010 
GTE-O1f 
CTE 012 
GT8-013 


GT- 100 

CTf-014 
CTE-015 
GTf-016 
GTE-0t7 
CTL-018 
CTE -019 
GTf-020 
Gre-021 
GTE-022 
Crf-02) 
CTE-024 
CTE -025 
CTf-026 
GI8-027 
GIE-028 
GTs-029 
CTf-030 


CIT-00t 
CIT-002 
CTT-003 
CTT-004 
GTT-005 
GIT-006 
GTT-007 


GMP PARTS INVENTORY 


TT 0068 
TT 009 
TT O10 
TT Ott 
TT 012 
TT 013 
TT O14 
TT 015 
TT 016 
TT O17R 
TT 018 
TT O19 
TT 020 
TT 021 
TT 022 
TT 023 
TH 024 
TT 025 
TT O76 
TT 030 
TT 091 
TT- 092 
TT 033 
TT 034 
TT 095 
TT 038 
TT 037 
TT 038 
TT 039 
TT-040 
TT 042 
1T 049 
TT-044 
TT 045 
TT 046 
11-047 
TT 018 
TT 049 
TT-050 


TR 001 
TR 002 
1k -003 
TR 004 
TR 005 


TALL TL GRBX 
TAIL TL CRBS 
TAIL TL GRBX 
TALL TL GRBX 
TAIL TL GRBX 
TAIL TL GRBX 
TAIL TL GRBX 
TALL-TL GRBX 
TAIL-TL GRBX 
TAIL-Tl GRBI 
TAIL TL GRBX 
TAIL-TL GRBX 
TAIL-TL GRBX 
TAIL Th GRBX 
TAIL TL GRAX 
TALL TL GRBX 
TALL TL GRBX 
TALL TH GRBX 
TAH Tf. GRA 


TAIL SECTION 


TAIL- REAR FUS 
TALL REAR FOS 
TALL REAR FUS 
TAIL REAR FUS 
TAIL REAR FUS 
TAIL REAR FUS 
TAIL REAR FUS 
TAIL-REAR FUS 
TALL-REAR FUS 
TAIL-REAR FUS 
TAIL REAR FUS 
TALL REAR FUS 
TAIL-REAR FUS 
TALL- REAR FUS 
TAIL REAR FUS 
TAIL- REAR FUS 
TALL -REAR FUS 
TAIL REAR FUS 
TAIL-REAR FUS 


ROTOR RFAD 


ROTOR READ 
ROTOR READ 
ROTOR AAD 
ROTOR HEAD 
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Bearing 

Inpot Gear 

Output Cear 

Output Shaft Collar 
Pitch Plate Shaft 
Bearing Collar 
Pitch Plate Spacer 
Pitch Plate 

Pivot Bult 

1/8 Drive Adapter 

J blade 1/8 Unit 
Pitch Control! Are 
Control Are Antg Plate 
Control Are Bushing 
Tall Blades 

Gearbox Cover 

Pitch Plate Brag 
Ant{-Rotation Block 
Bearing -Pitch Are 
RRAR FUSELACK 

F/6 Tall Boos 

Front Fureer 

Center Poreer 

Rear Foraer 

T/R Mounting Block 
Rear Filler Foreer 
Braes Drive Tube 
Flez Shaft 

Drive Tube Hount 
Drive Tube Support 
Servo Extenelon 
Reinforcesent Bracket 
Drive Tube Mount-Rear 
Doubler Plece 

Servo fount 
Winglets 
Stablilzers 

Nt. Bracket-Winglet 
Spar Stabiilzer 


ROTOR AEAD 

Rub 

Toke Side Flate 
Blade Holder 

Blade Holder hoveline 
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CIT-008 
crT-009 
CTT-010 
CTT-011 
CIT-012 
C1T-013 
CIT-O1t 
GIT-015 
GIT-016 
CIT-017 
UIT-018 
CTT-019 
C1T-020 
CIT-021 
C1t-022 
ctt-023 
Crt-02¢ 
CIT-025 
CTT-026 
CTT-030 
C1T-031 
C1T-032 
C1T-039 
CTT-034 
C1T-035 
CIT-036 
GIT-037 
CTT-038 
CTT-039 
CTT-040 
C1T-042 
CTT-043 
CTT-044 
6TT-045 
CTT-046 
Crt-047 
CTT-048 
CrT-049 
CTT-050 


CTR-001 
OTR -002 
CTR-009 
CTR-004 
GTR-005 
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GMP PARTS INVENTORY 


TR 027 
TR 028 
TR 029 
TR 030 
TR O03! 
TR-632 
TR 039 
TR 03¢ 
TR 035 
TR 036 
TR-097 
TR 098 
TR 0.19 
TR 040 
TR Of 
TR 042 
TR 043 
TR O44 


TS 001 
TS 002 
T$ 003 
TS 004 
TS 005 
TR 0068 
TR 007 
TR 008 
TR 010 
TR OWA 
TR 012 
TR 083 
TRON 
TR O85 
TR O1GA 
TR OHTA 
TR 018 
TR O18 
TR 020A 
TR 021 
TR 022 
TR 029 
TR 0258 
TR 026A 
TR 0268 
TR O26C 


ROTOR NIKAD 
ROTOR READ 
ROTOR READ 
ROTOR READ 
ROTOR READ 
ROTOR READ 
ROTOR READ 
ROTOR HEAD 
ROTOR READ 
ROTOR READ 
ROTOR READ 
ROTOR READ 
ROTOR READ 
ROTOR READ 
ROTOR READ 
ROTOR READ 
ROTOR MEAD 
ROTOR ARAD 


SURDRIRS 


SURDRES 

SUNDRIES 

SUNDRIES 

SUNERIES 

ROTOR READ 
ROTOR READ 
ROTOR READ 
ROTOR READ 
ROTOR READ 
ROTOR HRAD 
ROTOR NEAD 
ROTOR READ 
ROTOR MEAD 
ROTOR READ 
ROTOR HEAD 
ROTOR ABAD 
ROTOR MEAD 
ROTOR HEAD 
ROTOR READ 
ROTOR READ 
ROTOR AEAD 
ROTOR READ 
ROTOR READ 
ROTOR READ 
ROTOR READ 


Seenaw Teter Bearing 
Pivot Tin Bearing 


Throst Brng v/2 Races 1/1 


fushrod Colde 
Daaper Adjusting Screv 


Damper Adjunting Rousing 


Blade Doubler 


Seesaw Mixing Are Brng 
Toke Side Pit Trt Brog 
Boching, Nain Blade 
Toke Pivot Pin 

Seesaw Teeter Pin 

Toke Danper fin 
Washout Aub 

Sclecor Arm 

Connecting Rod Block 
Spacer-Lead/Lag Pit 


SUNDRIRS 

Poel Tant 

Fuel Line 

Fuel Tank Fitting 
Whee}-6" 

Seesaw Mob 

Mixing Are 

Ball Jojat-Right 

Seenav Bearing Block 
Seenad Siderlates 
Flybar Rounting Block 
Blade Holder Spacer 
Pivot Bearing Hovaing 
Blade flolder 8ush 
Lead/Lag Plate-fop 
Lead/Lag Plate-Bts 
Blade Art 

Flvot Rolt Block 
Lead/Lag Standoff 
Fipbar 

furhrod 

Fipbar Welghts 

Main Rotor Blades (Set} 
Biade Nolder Bearing 
Blade Nolder Innet Race 
Blade Arle Bolt Bashing 
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an wD OD ow es ew == FD OD oe 
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GTR-027 
GTR-028 
GIR-029 
GTR-030 
GTR-03! 
GTR-032 
CTR -033 


GTR-035 
GTR-036 
GIR-097 
GTR-038 
GTR 0)9 
GTR-040 
GTR-041 
GTR-042 
Grr-043 
GTR-044 


GTS-001 
C1S-002 
GTS-003 
GTS-004 
CTS-005 
GTR-0068 
GTR-007 
GTR-008 
GTR-O10 
CTR-O1NA 
GTR-012 
GTR-019 
GTR-O14 
GIR-015 
CTR-O16A 
¢ GIR-OITA 
GTR-O18 
CTR-019 
GTR- 0208 
GTR-021 
GTR-022 
CTR-023 
GIR-025 
GTR-026A 
CTR-0268 
GIR-026C 


a we -— wow ee 
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es Ss a eee oS 


TS 098 
1$ 007 
TS 004 
TS 009 
TS 010 
T$ 012 
TS-011 


SUNDRIES 
SURDRIES 
SUNDRIES 
SUMDRIES 
SUNDRIES 
SUNDRIES 
SUMDRIRS 


HAIN CRASSIS 


GMP PARTS INVENTORY 


Vheel-4° 

Mag Svltch 

Hatn Servo Switch 
Pin Receptacle 
Sachet Plug 

lone Claep-1/2° 
Foet fant Nount 


HARDWARE 
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AD Ap we = == AD 


CTS- 006 
C1S-007 
CTS -006 
GTS-009 
CTS-010 
CTS-O12 
CTS-013 


Company 

Ben Franklin 

Big 5 Sptg Goods 
Coast Hardware 
Grand Auto 

Grove Auto Parts 
Hamltn Gdn& Pwr 
H&H Hardware 
Kragen Auto Wrks 
Lacey Automotive 
Mr. Metnc 
Orchard Supply 
Pec's Hobbies 
Penin. Car Color 
P.G. Bldrs Supply 
Sears 

Sheldon Hobbies 


Sports Cur Bikes 


Sterling Instument 


Unocal 76 


Valley Fabrication 


List of Area Suppliers 


Items 





Spackle Kuite 
Nose Weights 
‘Tools 

Fuel Storage Can 
Ie, 7, Clease 
2-Cyele Oil 
Sandpaper/Bolts 
Exhaust/luel Line 
Lubncits 

Metne Vools/Hdwr 
Hardwire/ Tools 
Helicopter ucl 
Pinhole Sealant 
Hardware 

3/8" Drive Hexes 
Aileron Chords 
Starter Chain Lube 
Bearines/Cplings 
92 Octme luel 


Custom: Shims 


Location 
Monterey, Ca 
Monterey, Ca 
Pacitic Grove, Ca 
Seaside, Ca 
Pacific Grove, Ca 
Seaside, Ca 
Seaside, Ca 
Seaside, Ca 
Seaside, Ca 

San Jose, Ca 
Sand City, Ca 
Mtnview, Ca 
Seaside, Ca 
Pacitic Grove, Ca 
Salinas, Ca 

San Jose, Ca 
Seaside, Ca 

New Hyde Pk, NY 
Monterey, Ca 


Salinas, Ca 


Phone Number 
(408)646-5141 
(408 )3 72-3284 
(408)3 72-3284 
(408)394-1472 
(408)649-5385 
(408)394-1622 
(408)899-2451 
(408)394-7515 
(408)394-1418 
(408)286-88 16 
(408)899-5144 
(415)968-0800 
(408)394-2074 
(408)373-4708 
(408 443-7094 
(408)943-0872 
(408)899-2401 
(516)328-3300 
N/A 


(408)757-5151 


APPENDIX B: ENGINE REMOVAL AND INSTALLATION 
PROCEDURES 


The following is a detailed description of the easiest and quickest procedure for the 
removal of the engine from the helicopter. Preceding the procedures, a detailed list of tools 
required has been provided. 

TOOLS REQUIRED 

1.) Metric hex wrench set, 1-10 millimeter sizes.(ball ended preferred) 

2.) Double ended, small (6 inches long) crescent wrench. 

3.) Large (10 inches or greater in length), straight head screwdriver. 

4.) 3/8 inch drive metric and standard socket sets with small (approximately 6") 
and standard ratchets. 

5.) Blue thread lock compound. 

6.) Standard hex wrench set, |/&'-3/4' sizes. 

7.) Standard Sizeicrescent wench. 

8.) Standard and metric combination wrenches (1/4"-1" standard sizes, 8-15mm metric 
S1ZeS) 

9.) Short (approximately 2 inch long) large-bladed straight head screwdriver. 

10.) Needle nose pliers 

11.) Large welding C-clamp. 

12.) Come along (block and tackle). 

13.) Nylon strap. 


aA 
tO 


Engine Removal Procedures 


1. Remove Forward Fuselage 

A. Using a 10 inch long or Jonger straight head screwdriver, unfasten the six dzus 
fasteners on the forward fusclage. 

B. Spreading the fuselage laterally to avoid contact with the main rotor scissor 
assembly and carburetor, slide fuselage forward and remove it from the chassis. 

2. Remove Tail Pylon (two people recommended) 

A. Unplug tail rotor control cord through the access port underneath tailboom. 

B. Using a 17 mm, 3/8" drive socket with the small (approx. 6" long) ratchet, 
remove the four tailboom attachment nuts and lock washers. For best results, 
remove the 2 bottom nuts first, followed by the two top nuts. (The second 
person supports the talboom during this and the following step.) 

C. Slide tailboom aft and remove. 

3. Remove Main Rotor Blade Lead-lag Links 

A. Using a 3/8" box ended combination wrench and a 1/8" hex wrench, remove both 

end-bolts for each lead-lag link and remove the two links. (one per blade) 
4. Remove Main Rotor Blades (two people recommended) 

A. Using an 8 mm hex wrench and the standard sized crescent wrench, loosen and 
remove the main rotor blade attachment bolt. The second person supports the 
blade during this step. 

B. With the bolt removed, slide the rotor blade from its sleeve and remove. 

C. Repeat steps A and B for the second rotor blade 


5. Remove Hiller Paddles 
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A. Using the box end of a 7/16" combination wrench, loosen and remove the 
locknuts from the ends of the two Bell-Hiller paddles. 

B. Using a2 mm hex wrench, loosen the two set screws holding each paddle arm. 

C. Remove Bell-Hiller stabilization paddles from the main rotor head assembly. 

6. Disassemble Nose/Electronics Compartment 

A. Train the fuel tank using a hand pump and disconnect the two fuel lines from the 
curburetor. 

B. Disconnect and remove the 12 volt and 4.8 volt batteries. 

C. Using the standard sized crescent wrench, loosen and remove the through bolt for 
the nose ballast weights and remove the weights. 

7. Assemble the Maintenance Platform and Mount the Chassis (two 
people recommended) 

A. Obtain the Allison engine test stand depicted in Figure 37, Chapter VI. (Property 
cof Professor G. Hobson) 

B. Using the standard 3/8" socket and ratchet and the standard crescent wrench, 
aitach the two wooden chassis support assemblies depicted in Figure 41 to the test 
stand as depicted in Figure 12, Chapter III. 

(*. Using two people, lift and invert the helicopter chassis by gripping it at the bends 
in the skid supports and place it on the maintenance platform. Cutaways in the 
cnassis supports allow clearance for the main rotor servo housing. (See Figure 
| 2, Chapter III) 

§. Disconnect All Accessories Attached to the Engine 

A. Using a short (approx.. 2" long) straight head screwdriver, loosen the exhaust 
tbe clamp and pull the exhaust tube free from the exhaust manifold. 

B. Using a5 mm hex wrench, remove the four exhaust manifold attachment screws 


und remove the exhaust manifold through the side access port. 


54 


C. Using the small double ended crescent wrench and a 5/32" hex wrench, remove 
tle four bolts (onented vertically) connecting the upper engine mount cross 
niember to its wall-mounted supports. 

D. Remove the two cylinder head screws that connect the upper engine mount cross 
rnember to the aft cylinder head with a 5 mm hex wrench. 

E. Remove the master link from the starter chain using needle nose pliers or a master 
link C-clamp spreader and remove the chain. 

F. Disconnect the throttle and choke linkages (arms) their respective drive motors. 
The plastic cups pop off the ball-ended drive pins on the electric motors. 

G. L'sing a 10 mm open ended combination wrench and the small double ended 
crescent wrench, remove the two vertically oriented bolts connecting the 
carburetor and air intake nozzle assembly to the engine neck and remove the 
carburetor assembly through the side access port. 

H. Using a 10 mm, 3/8" drive socket with the small ratchet, and a 5 mm hex 
wrench, remove the starter upper attachment bolt. 

I. Using a5 mm hex wrench and the small double ended crescent wrench, loosen the 
t\vo starter lower cinch bolts. Support starter from underneath to prevent it from 
dropping into the engine compartment while the bolts are loosened. Lower starter 
and remove it through the side access port. 

Envine Removal 

A. Attach a welding C-clamp to an overhead I-beam. 

B. Ootain a come-along and hook one end to the C-clamp. (property of Model 
Maker Don Harvey) 


C. Obtain nylon strap to act as aharness . (Bldg. 214 forklift has some) 


so 


D. As depicted in Figure 21, Chapter 1V, sling the strap under the engine starter 
sprocket on two sides o! the shatt and hook both ends to the lower hooked end of 
the come-along. 

FE. Center the engine beneath the C-clamp and remove any slack in the chain using 
the come-along. 

F. Using the standard crescent wrench and a 8 mm hex wrench, remove the four 
lower engine mount attachment bolts. 

G. Using the come-along, slowly raise the engine, angling the engine as necessary to 
ensure carburetor neck und cylinder head clearance through the bottom access 
port. 

H. Inspect the engine output shaft above the clutch and the main transmission area 


for the three spacer shims used hetween the clutch and the transmission. 
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Figure 41. Wooden 


APPENDIX C: WESTLAKE ENGINE OPERATOR'S MANUAL 


4.2 


GENERAL DATA - SERIES 2100D ENGINE 


Wiellgiltt..crscscciswe estate esse to enone es Ranges from 8.0 kg (17.5 lbs) to 
10.4 kg (23 lbs) Depending on configuration 
see appropriate Inst. Drawing 


iM SIONS « ¢<.s4.6 66 660s 6 4 e846 ee 8 6s (See Installation Drawing) 
INO C ails ns slew «os s SEEM 5 Cease eT aM ec 068. 66 mm (2.59 in) 
Sag TRB eMas 0ifa 1's 0,620 314g 01S @ N, 01 eo) aitosi a oa deeb ren Suelais ed 50 mm (1.96 in) 
Cubicecanacit yuan. yeni. «li samtes Sern ola,’ 342 ce (20.9 cu.in) 
GOMPRES SION. TAtlOs.«.-4. 0.0 eae) soe: 4's a dis ee tlertree ¥ ss 7.1 (effective) 
Compression pressure (cold)........scececeeeees 930-965 kPa 


(135-140 psig) 


Power at rated speed........cseeeseeeeees 25 bhp (18,64 kw) 
to SAEJ 607(a) 


Piapaimatn Speed Tate... 2... 01... 6s ese es eases ese 7000 rev/min 
Idle speed....... Tee Rub ca aaeUsisuendi-s * GeemenONs: e248 1500-3000 rev/min 
(Depending on propeller) 


RiamchInUNITs COGN Et oie cvs <2-c.0 915766 6/0. clos) «010 0i:e 32.50 Nm (24 Ibf. ft) 
at 4000 rev/min 


OO ante ie b Ne aetialiclo) wifoilc =o o)s.c a1 + sie «6 ein oes 0c ss Mikuni BN-34-30 
Diaphragm Type 


CAUTION: 
CHANGES IN EXHAUST SYSTEMS 
AND/OR AIR CLEANERS WILL 


REQUIRE RE-ADJUSTMENT OF 
CARBURETTOR NEEDLE JETS. 
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Fuel) Consitnpiliotiereccsndeeiet ee 


Ty pe: Of fF telinsuiamer ee ae 


Gasolittemere.. . sc .0ke cscves ue oe 


CAUTION: 


. 5.6 litres/hour @ 
5250 rev/min 
Against propeller load 


gasoline/oil 4% (25:1) 


RON 92 octane minimum 


LEAD-FREE GASOLINE 
MUST NOT BE USED 


COLD ep acetate! 9 eee in el'g oho vorrolle! co cifnre. nee aten eeu nCaneNens ce meena Finamix 2-stroke 
or Silkolene Comp 2 
Pre-mix 
CAUTION; 
MULTIGRADE OIL 
MUST NOT BE USED 
Fuel pipegan...- ae SP 6,0 mm i.d. (0.25 in) 


Airgap between clectronic 


module aud flywheel............ 


Spark Plug 


Standard Cylinder head....... 


Large Cylinder head........... 


Spark Plug Gap 


Bosch WSR 6F 2532... 226. 7 ee 
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(not supplied) to SAE J30d 


0,46 to 0,51 mm 
(0.018 to 0.020 in) 


Bosch WSR 6F (9.5 mm reach) 


Bosch W6 BC (12.7 mm reach) 


0,50 to 0.56 mm 
(0,020 to 0,022 in) 


Os Chip Gnu © pekawici mr eeeiatese nieiaaeie.c. 0 6 sve esses: 6 0,7 to 0,8 mm 
(0.028 to 0.031 in) 


ec Ni ee 


Cylinder head temperature (maximum)......... ieee cou deg. C 
(Measured at spark plug gasket) (482 deg F) 
Exhaust gas temperature (maximum)..........-.00. 550 deg C 
(Measured 25-30 mm from exhaust flange) (1022 deg F) 
Spagieipite tOrGue SCttInP. ..... «le 4a +s «vs 6 6aislee aes 29,80 Nm 


(Zab eit) 


CAUTION: 
SPARK PLUG GASKET MUST BE REMOVED 
IF A CYLINDER HEAD TEMPERATURE 
THERMOCOUPLE IS USED. 

Cylinder head Screws... ..cccecceceseeces 12.2 Nm (108 Ibf.in) 


torque setting. NOTE: RE-TORQUE CYLINDER HEAD 
SCREWS AFTER INITIAL 2 HOURS RUNNING. 


Cylinder base SCTEWS.cccecvccsesesesceees 12.2 Nm (108 Ibf.in) 
torque setting 
CAUTION: 


TORQUE WRENCH MUST BY USED TO 
ENSURE CORRECT TORQUE SETTING 


NOTE: ALL TORQUE CHECKS MUST BE 
CARRIED OUT WITH THE ENGINE COLD. 
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INSTALLATION 


WARNING: 


BEFORE OPERATING, ENGINE MUST BE 
SECURED TO MOUNTING BRACKET OR 
AIRFRAME. FAILURE TO SECURE 
ENGINE CORRECTLY MAY RESULT IN 
DAMAGE TO AIRFRAME AND/OR LOSS OF 
ENGINE AND INJURY TO OPERATOR. 


CAUTION: 


ALWAYS ENSURE IGNITION 1S SWITCHED 
OFF (GROUNDED), WHEN ROTATING 
ENGINE CRANKSIIAFT WITH SPARK PLUGS 
REMOVED FROM CYLINDERS, OTHERWISE 
DAMAGE TO IGNITION SYSTEM WILL 
OCCUR. 


Remove all protective coverings. 
Remove keeper-plate from ignition flywhecl. 
Fit recommended air inlet horn and/or air filter suitable for the 
installation. (Sce Installation Drawing). 
WARNING: 
THE MOUNTING BRACKET MUST BE OF A DESIGN 


THAT WILL NOT FAIL UNDER NORMAL RUNNING 
CONDITIONS. 


Fit engine to engine mounting bracket on airframe (refer tc 
Installation Drawing). 


Base Mounting 4 x M8 screws with suitable fastener locking 
device, minimum thread engagement 15 mm. Torque screws tc 
14 Nm (124 Ibf ins) maximum. 


Rear Mounting 6 x M6 screws with suitable fastener locking 


device, minimum thread engagement 10 mm. Torque screws to 
8 Nm (72 Ibf ins) maximum. 
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9.9 Fit 73 mm stub exhaust pipes or installation exhaust system, 
using gaskets supplied (refer to Installation Drawing) and 
torque tighten bolts to 6 Nm (53 Ibf ins) maximum. 


9.6 Connect fuel Hine (customer supply) to carburettor § fuel 
connector (FIGURE 5-1). Ensure a fuel filter 50 microns 
(0.002 in) is incorporated in fuel line. 


J. Connect throttle cable (customer supply) to carburettor throttle 
lever (FIGURE 5-1). 


IDLE SPEED 
SCREW 


TRAVEL 
TO OPEN 


\ es tin) 


FIGURE 5-1 : CARBURETTOR 





FUEL INLET 
CONNECTOR 


6] 


9.8 Connect ignition cut-out wire to ignition switch (customer 
supply) (reference FIGURE 5-2). 


9.9 Remove protection caps from spark plug holes and rotate engine 
crankshaft 4 - 5 times to clear excess oil from the engine. 
Check and gap, new spark plugs and install. Torque to 29.80 
Nm (22 Ibf ft). 


NOTE: Spark plug gap, see peneral data. 


ELECTRONIC MODULE 
IGNITION CUT OUT 


ie \ 
BLACK WIRE oc 1 
=o a 












SPARK PLUG YELLOW WIRE 
a | ee ee 


(ONETION COW 


IGNITION CON 


> Ee d 
| SPARK PLUG a; YELLOW WIRE IGNITION ON 


IGNITION OFF 


lee 

















FIGURE 5-2 : IGNITION SYSTEM - CIRCUIT DIAGRAM 
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29.10 


WARNING: 


MAKE SURE ALL ROTATING PARTS ARE 
FREE OF OBSTRUCTIONS BEFORE 
STARTING THE ENGINE 


Start engine and set carburettor to give an engine idle speed of 
2400 rev/min or  as_ required. (See adjustments’ and 
maintenance for setting of carburettor). 


CAUTION: 
ENGINE MUST BE UNDER NORMAL 
OPERATING LOAD (PROPELLER 


INSTALLED) BEFORE ENGINE 
IS STARTED. 
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6.0 


6.1 


6.2 


OPERATION 


WARNING: 


DO NOT FILL FUEL TANK TO MAXIMUM 
CAPACITY. COOL GASOLINE EXPANDS 
CONSIDERABLY, DUE TO HIGHER OUTSIDE 
TEMPERATURES, AND BUILDS UP PRESSURE 
IN FUEL TANK. THIS CAN CAUSE FUEL 
LEAKAGE AND A POTENTIAL FIRE HAZARD. 
ENSURE FUEL TANK IS PROPERLY VENTED. 


Recommended Gasoline 


Use only lcaded automotive gasoline that has ao minimum octane 
rating of 92 RON. 


If recommended gasoline is not available, contact the engine 
manufacturer. 


CAUTION: 
DO NOT USE UNLEADED GASOLINE. 
WARNING: 


GASOLINE 18 EXTREMELY FLAMMABLE AND 
WIGHLY EXPLOSIVE UNDER CERTAIN 
CONDITIONS. ALWAYS STOP ENGINE AND 
DO NOT SMOKE OR ALLOW NAKED FLAMES 
OR SPARK NEAR WHEN REFUELLING. 
ALWAYS MIX IN WELL-VENTILATED AREAS. 


Recommended Lubricant 


Use only (Petrofina) Finamix 2-stroke oi! or Bel-Ray MC-1+. If 
recommended 2-stroke oil is not available, contact the engine 
manufacturer. 


CAUTION: 


DO NOT UNDER ANY CIRCUMSTANCES USE 
MULTIGRADE OILS. 
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6.3 


Fuel Mixture 


The correct fuel mixture is 1 part of ot! to 25 parts of gasoline 
(4% oil mixture). 


Metric U.S. Measure Imperial 
Measure Measure 
160 cc oil to 9 fluid oz oil 6 fluid oz oil 
each 4 litres to each 1 U.S. to each 1 Imp 
of gasoline goilon of gallon of 
gasoline gasoline 


USE AT 25:1 RATIO, AS SHOWN ABOVE 


IMPORTANT: 


USING LESS THAN THE RECOMMENDED 
PROPORTION OF OIL MAY RESUJT IN 
SERIOUS ENGINE DAMAGE FOR LACK OF 
SUFFICIENT LUBRICATION. USING MORE 
THAN THE RECOMMENDATIONS COULD 
CAUSE SPARK PLUG FOULING, ERRATIC 
CARBURATION,EXCESSIVE SMOKING AND 
FASTER-THAN-NORMAL CARBON 
ACCUMULATION. 


CAUTION: 


GASOLINE IS EXTREMELY FLAMMABLE AND 
HIGHLY EXPLOSIVE UNDER CERTAIN 
CONDITIONS. OBSERVE FIRE PREVENTION 
RULES, PARTICULARLY THE MATTER OF 
SMOKING. MIX FUEL OUTDOORS OR AT 
LEAST IN A WELL VENTILATED LOCATION. 


Use only clean oil and gasoline containers as even a very small 
particle of dirt can cause carburation problems. 


Mix fuel accurately in a remote tank. To ensure thorough 
mixing of oil and gasoline, fill container with gasoline to one 
quarter full, add oil and then add balance of gasoline. Mix 
thoroughly before using. 


NOTE: Always use fresh gasoline. 
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Starting 


WARNING: 
MAKE SURE ALL ROTATING PARTS ARE 
FREE OF OBSTRUCTIONS BEFORE STARTING 
ENGINE, 

CAUTION: 


THE ENGINE IS AIRCOOLED AND MUST NOT 
BE RUN IN STATIC CONDITIONS UNLESS AN 
ADEQUATE COOLING AIR-FLOW IS SUPPLIED. 


Check that spark plug leads are securely connected to spark 
plug terminals. 
Turn on fuel supply. 


Set decompressors by depressing caps situated on cylinder 
barrels (FIGURE 6-1). 





FIGURE 6-1 
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On a cold engine (first start), move throttle control to 
approximetcly half-open position. 


NOTE: With the engine warm, it can be started 
at idle position. 


Turn the ignition switch to ON position. 
Crank engine until engine fires and continues to run. 


NOTE: A minimum starting speed of 1,000 rev/min is 
required. 





Move throttle control to ‘idle’ position. 


NOTE: Decompressors must be depressed each time engine 
fires, but fails to start. 





Stopping 


Move throttle control to ‘idle' position. 
Turn ignition switch to OFF position. 
WARNING: 


DISCONNECT SPARK PLUG LEADS BEFORE 
WORKING ON ANY PART OF ENGINE OR 
ACCESSORIES. 


Break-in (New engine) 
CAUTION: 
FOLLOW BREAK-IN PROCEDURE CAREFULLY. 


During the first 60 minutes, operate the engine for short 
periods of time at varying speeds up to three-quarters-open 
throttle. Avoid operating at low and continuous speeds to 
prevent build-up of heat. After this period use the engine as 
required without exceeding the specified maximum temperatures. 


NOTE: RE-TORQUE CYLINDER HEAD SCREWS AFTER 
INITIAL 2 HOURS RUNNING. 





NOTE: During break-in 10cc of "Molyslip E" per 5 litres 
of gasoline may be used to improve lubrication and 
protect the engine. Continued use of Molyslip E 
in the quantities specified will not adversely affect 
the engine and may prolong its useful life. 
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INSPECTION AND SERVICE 
Check the following items before each period of operation. 


Fuel 





Before starting the engine, be sure that there is an adequate 
amount of fuel in the tank. The fuel ratio must be 25:1 
mixture of gasoline and oil. 


CAUTION: 


DO NOT FILL FUEL TANK COMPLETELY 
FULL. GASOLINE WILL EXPAND AS IT 
WARMS, CAUSING LEAKAGE AND A FIRE 
HAZARD IF THERE IS NOT ROOM FOR 
EXPANSION, 


Fuel Line Connections 


Check fuel Hne connections from fuel tank to engine for leaks. 
Make sure fuel Ilne is firmly connected. 


Spark Plugs 


Keep spark plugs clean; a fouled plug can be the cause of 
serious engine problems. Make sure spark plug connections are 
tight. 


Do not sand-blast, scrape or otherwise attempt to service spark 
plugs that are in a poor conditlon - best engine results are 
obtained with new spark plugs. 


Cooling 


Make sure baffles and cooling shrouds (if fitted) are in place 
and secure. Check that air intake openings are clean and 
unrestricted. Ensure cooling fins on the engine are clean and 
not damnged or broken. 


WARNING: 


DO NOT OPERATE ENGINE WITIT DAMAGED 
OR BROKEN COOLING FINS. 
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8.0 


Sel 


8,2 


ADJUSTMENTS AND MAINTENANCE 


WARNING; 


MAKE SURE IGNITION SWITCH IS IN OFF 
POSITION AND SPARK PLUGS LEADS ARE 
DISCONNECTED BEFORE WORKING ON ANY 
PART OF THE ENGINE OR ANCILLARY 
EQUIPMENT. 


Spark Plugs 


Replace spark plugs every 25 running hours or as required. 


Remove spark plugs and check condition; replace if carbon 
fouled or if porcelain is cracked. The colour of the spark plug 
is a good indication of operating conditions. Take corrective 
action if other than normal operation is indicated. Refer to 
spark condition chart below: 


BLACK TAN WHITE 


‘CARBON FOULING NORMAL OVERHEATING 


When installing spark plug, set plug gap (see general data) and 
clean the spark plug seat in the cylinder head. Install plug 
and gasket and torque tighten to 29,80 Nm (22 lbf ft.). 


Carburettor Adjustments 


WARNING: 


WHEN ADJUSTMENT IS MADE WITH 
ENGINE RUNNING, BFE EXTREMFLY 
CAREFUL NOT TO TOUCH MOVING 
PARTS AND HOT AREAS. 


The tendency for the engine to "4 stroke" can be reduced by a 
slightly lean mixture. A low idle speed will impair engine 
acceleration or throttle response when the throttle is opened 


rapidly. 
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The engine ts air coolec’ and must not be run in static 
conditions unless an adequate cooling airflow is supplied to keep 
the cylinder head tempernture within the specified limit (see 
general datn). 


WARNING: 


AFTER SERVICING, MAKE SURE ALL SAFETY 
GUARDS ARE REPLACED AND SECURED. 
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8.3 


8.3. 


1 


The initial carburettor "Hi" and "Lo" needle jets and the idle- 
stop screw are adjusted at the factory, if further adjustment is 
required due to installation and/or geographical location, then: 


a Screw idle-speed screw in or out to obtain required idle 
speed. 


= The low-speed needle jet should be adjusted to obtain a 
smooth idle. 


The carburettor will require repeated re-adjustments between 
the idle-speed screw and the low-speed needle jet, until a 
smooth idle is obtained at the required idle speed. 


NOTE: Clockwise adjustment of the adjusting screws 
decreases the amount of fucl/oil mixture 
delivered and vice-versa. 





Factors that can affect carburation 


In some instances, carburation which has been properly set up 
in particular conditions, can then be upset by certain factors, 
wes: 


change of fuel used 
change in atmospheric pressure 
change in air temperature 
change in exhaust systems. 

If in any doubt, contact engine maeerrceurer: 


Check initially to see how easy the engine responds to the 
throttle when opened smoothly and fully. A certain amount of 
sluggishness is an indication of a lean mixture and it is 
necessary to quickly open the high-speed screw until the 
engine begins to "4 stroke". Again, open the throttle smoothly 
until it is fully open, while watching the rpms _ obtained. 
Continue this evaluation by slightly ‘leaning' the high-speed 
mixture each time the throttle response is checked and the rpms 
read. This is continued until the mixture needs to be richened 
in order to obtain the highest possible rpms with the propeller 
installed. 


The best initial choice is where the carburation is the richest 


possible but without an rpm drop. 


Following the running-in of the new engine a readjustment will 
be required. 
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if rich, the "4 stroking" with be pronounced. and the engine will 
nccelernte quickly up to a point - after which the rpm_ will not 
increane. A good rule is to have the idle mixture slightly rich, 
in order to avoid the possibility of having the engine stop, and 
to allow better throttle response. 


NOTE: All ndjustments must be made with the air filter 

i aa and/or iIniet horn installed. If adjustments are 
made with the filter and/or inlet horm removed, 
the carburation will be incorrect when the filter 
and/or jitet fiorn is reinstalled. 


Adjustinent of the high-speed needle jet must be done while 
monitoring the spark plug gasket temperntures and the engine 
speed. ‘The high-speed adjustment is made with a hot engine, 
once the idle ndjustments have been satisfactorily completed. 


The engine should be fully warmed up before any adjustment is 
monde to the earburettor. 





LOW SEFED HIGH SPFED 
NFENIE JFT NEEDLE JET 





IDLE SPEED SCREW 


a2 


8.3.2 


8.3.3 


NOTE: While optimising the carburation, it is necessary 
that the engine holds maximum rpm for a few 
seconds during each tachometer reading. For 


this reason aoa slightly rich mixture can prevent 
the risk of engine seizure, which can happen to 
new engines running lean. 


Change in atmospheric pressure and in air temperature 


Variations in pressure or temperature cause a change in the air 
density and consequently a change in the fuel/air ratio and 
further tuning may therefore become necessary. 


A decrease in atmospheric pressure, with consequent decrease 
in air density, causes a mixture enrichment and smaller needle 
jet openings will therefore be required. 


Altitude variations also produce changes in the carburation and 
they too cause changes in the air density. Prolonged use of 
an engine at an altitude higher than 1500 metres (5000 ft 
approx), for which the carburation was originally set up for 
operation at around sea level, would require a change of needle 
jet settings in proportion to the pressure change. 


In this case too, a decrease in pressure should be compensated 
by a reduction of the needle jet openings. 


Furthermore, a lowering of air temperature produces an 
increase in air density and consequently a mixture weakening; 
therefore an incrense in the needle jet openings is required. 


Summarising, it can be said that any decrense in air pressure, 
increase in altitude or in air temperature should be compensated 
for by a decrense in the needle jet openings. 


Conversely, any increase in pressure or decrease in altitude or 
in temperature should be compensated by an increase in the 
needle jet openings. 


Changes in exhaust system 


The carburettor supplied is calibrated to suit a stub pipe 
exhaust system 73 mm long, if any other exhaust system is 
fitted, then the carburettor may require recalibration. 


gS, 


8.4 


Storage 


The storage of the engine is important to both its life and 
trouble-free operation. Before storage the following procedure 
should be carricd out: 


Drain the carburettor by allowing the engine to run at idle 
speed with the fuel line disconnected, until the engine stops, 
indicating the carburettor has run dry. 


WARNING: 


MAKE SURE IGNITION SWITCH IS IN OFF 
POSITION AND DISCONNECT SPARK PLUG 
LEADS BEFORE WORKING ON ENGINE. 


Clean the exterior of the engine thoroughly and replace the 
keeper plate on the ignition flywheel. 


Remove spark plugs and pour approximately 5cc of the 
recommended 2-stroke oil (see general data) into each cylinder 
and crank the engine by hand a few times to spread the oil 
throiighout the cylinders. Replace the spark plugs leaving the 
spark plug leads disconnected. 


During storage crank the engine by hand each month, with the 
spark plugs removed. 
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ol 1 


a. 2 


1.3 


1.4 


oo 


TROUBLE SHOOTING 


The essential requirements for easy starting and_ reliable 
performance are: - correct fuel, good ignition and good 
compression. 


This trouble-shooting guide will help to determine the cause of 
trouble. If the trouble persists or seems difficult to repair, 
contact the engine manufacturer. 
WARNING: 
MAKE SURE IGNITION SWITCH IS IN OFF 
POSITION AND SPARK PLUGS LEADS ARE 
DISCONNECTED BEFORE WORKING ON ANY 


PART OF THE ENGINE OR ANCILLARY 
EQUIPMENT. 


TROUBLE SHOOTING 


Cause Remedy 
Difficult starting or will not start 


WARNING: 


DO NOT OPERATE ENGINE UNTIL THE CAUSE 
OF THE TROUBLE HAS BEEN DETERMINED 
AND RECTIFIED. IF IN ANY DOUBT, 
CONTACT THE ENGINE MANUFACTURER. 


Lack of Fuel 


Fuel tank empty. Re-fill fuel tank with 
fresh fuel mixture 


Fuel line pinched Repair or replace 
or disconnected 


Blocked vent hole Clear vent hole 
filler cap 

Fuel filter blocked Replace 

Fuel pump not Repair or replace 


functioning (if fitted) 
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Cuuse 
Poor or no ignition spark 
Ignition not turned on 


Spark plug wet 
or carbon fouled 


Spark plug electrodes broken 


Spark plugs improperly 
gapped 


Wiring harness loose 
or broken 


Module to flywheel 
incorrectly gapped 


Ignition switch faulty 
Ignition coils faulty 
Ignition module faulty 
Incorrect fuel/air mixture 


Engine flooded, 
over-rich mixture 


Fuel stale, does not 
vapourise properly 


Water in fuel 


Carburettor loose, 
oir leak 


Dirt or gum forming 
in fuel system 


e 


Poor Compression 
Spark plug loose 


76 


Remedy 


Switch ignition to ON 


Replace 


Replace 


Reset plug gap (see 
general data) 


Repair or replace 


set to correct gap (See 
general data) 


Repair or replace 
Replace 


Replace 


Fully open throttle and 
crank engine until it 
fires. Check carburettor 
settings 


Empty fuel tank and fuel 
system; refill with 

fresh fuel 

Empty fuel tank and fuel 
system; refill with 

fresh fuel 


Tighten all fastenings 


Clean system 


Tighten to correct torque 
(See general date) 


1.4.2 


1.4.3 


1.4.4 
01.4.5 


ilies) 


a. Sel 


eo. 2 


1.5.3 


1.5.4. 


eel 


porelee 


eee 


eked 


2.1.4 


Cause 


Cylinder head loose 


Cylinder head gasket 
"blown! 


Piston rings broken 


Piston and cylinder worn 


Cranks too slow 


(If electrical start fitted) 


Loose or corroded battery 
connections 


Weak battery 
Starter solenoid faulty 


Moisture in starter 


Running Troubles 
WARNING: 


Remedy 


Tighten cylinder head 
screw to correct torque 
(See general data). 
Replace cylinder head 
gasket if required. 


Replace 


Replace 


Replace 


Clean battery terminals 
and refit 


Charge battery or replace 
Repair or replace 


Strip and clean, or 
replace 


DO NOT OPERATE ENGINE UNTIL THE CAUSE 
OF THE TROUBLE HAS BEEN DETERMINED 


AND RECTIFIED. 


IF IN ANY DOUBT 


CONTACT ENGINE MANUFACTURER. 


Low [ower 


Poor quality or incorrectly 


mixed fuel 


Water in fuel 


Air inlet restricted 


Exhaust port or silencer 
blocked 


TH 


Empty fuel tank and refill 
with fresh fuel 


Empty fuel tank and 
carburettor, refill with 
fresh fuel 


Clean or replace 


Clean or replace 


Cause 


Ineorrectly adjusted 
carburettor 


Poor compression 

Loose carburettor 

Runs unevenly 

Spark plugs in poor condition 
Incorreet spark plugs 

Wiring harness leads loose 
Fuel vapourising In 
carburettor from overheating 
Poor acceleration 

Blocked or dirty air filter 


Carburettor incorrectly 
adjusted or malfunctloning 


Dirt on earburettor inlet 
needle 


Exhaust ports heavily 
bloeked wlth euarbon 


Fuel pump (if fitted) not 
functioning correctly 
Will not accelerate 


Carburettor incorrectly 
adjusted or malfunctioning 


Carburettor and/or manifold 
loose 


Fuel pump (lf fitted) not 
funetlonIng correctly 


78 


Remedy 


Re-adjust carburettor 


Repair unit to correet 


Tighten all fastenings 


Replace 

Replace 

Repair or replace 
Check installation for 


source of heat and 
remedy 


Cleun or replacc 


Re-adjust carburettor 


Clean and re-set 


Clean and re-fit 


Cheek and clean. Fit 
new gaskets and 
dlaphragms If required 


Re-adjust carburettor 


Tighten all fastenings 


Check and elean. Fit new 
gaskets and dlaphragms 
If required 


Cause 


Backfires through carburettor 


Damaged reed valve assembly 
Air leakage from faulty 
gaskets seating 


Detonation under load 


(Full throttle) 

Excessive carbon build up on 
piston and combustion 
chamber 


Spark plugs incorrect heat 
range 


Carburettor fuel, set too 
lean 


Engine stops 
Fuel tank empty 


Fuel vapour locks in fuel 
system 


Ignition turned off 
Exhaust blocked 

Clogged or restricted 

air cooling system; cooling 
fan (if fitted) damaged 
Incorrect fuel/oil mixture 
Fuel line between tank and 


carburettor blocked 


Carburettor air inlet 
filter blocked 
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Remedy 


Repair or replace 
Replace gaskets and 


ensure fastenings are 
correctly torqued 


De-carbonise engine parts 
affected 


Replace (see general 
data) 


Re-adjust carburettor 


Refill fuel tank with 
fresh fuel 


Clear system of vapour, 
check installation for 
source of heat and 
correct 

Switch ignition on 

Clean or replace 

Ensure air cooling system 
is clear of any blockage 
or debris 


Empty fuel tank and refill 
with fresh fuel 


Clean or replace 


Clean and replace 


Jieed ve 
9.2.8 


J ae. L 


Shiau 


Oc2.3070 


Cause 
Carbon fouled spark plugs 


Carburettor floodings 


Fuel pump (if fitted) 
excessive pressure 


Dirt in inlet valve 


Inlet valve defective 
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Remedy 
Replace 


Reduce pump pressure, 
clean system 


Flush to clean 


Replace 


APPENDIX D: MAIN AND TAIL ROTOR RIGGING DATA 


MAIN ROTOR PITCH 


AND AIRCRAFT CHARACTERISTICS 


MAIN ROTOR COLLECTIVE POWER vs PITCH 


MAIN ROTOR 


6 
~ POSITIVE BLADE 


| ll 
il 
il 


10° 









HILLER 
CONTROL 
RANGE 


~ COLLECTIVE 


NEG BLADE 


25% 90% 15% 100% 
COLLECTIVE POWER 
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TAIL ROTOR PITCH 


TAIL ROTOR COLLECTIVE POWER vs PITCH 


TAIL ROTOR 
ae 
FULL 
305 RIGHT 
25° NEUTRAL 
202 
15° 
FULL 
10°. LEFT 
5° 
O°? 
25% 50% 75% 100% 


COLLECTIVE POWER 
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HUMMINGBIRD 1 CHARACTERISTICS 


Low 

Hover 

High 

TRB_ Pitch 


Compensation on 


Bell-Hiller Paddle Angles 


Roll 
Pitch 


Characteristics 
Empty Weight 

Fuel Weight 

Gross Weight 
Length 

Fuselage Length 
Fuselage Width 
Tread Width 

Height 

Static Tipover Angle 
Rotor Parameters 


Main Rotor Radius (R) 


Bell-Hiller Radius 


Main Rotor Chord (C) 


Main and tail rotor rigging data 
Main Rotor Blade Pitch 


0.0-0.5° 
7.0° 
10.0-11.0° 


15.0-18.0° 


+ 7.0° 
+ 11.0° 


Aircraft Characteristics 


142 pounds 

7 pounds 

149 pounds 

12 ft 3 inches 
9 ft 11 innches 
1 ft 3 inches 

2 ft 6 inches 

3 ft 

40° 


5 ft 0.25 inches 
4 ft 2 inches 
6.125 inches 


Main Rotor Blade Length 
Main Rotor Thickness 
Solidity Ratio 

Tail Rotor Radius 

Tail Rotor Chord 

Tail Rotor Thickness 
Engine and Gearing 
Engine 

Maximum Power 
Maximum Torque 
Engine/Main Rotor Gear Reduction 


Tail Rotor/ Main Rotor RPM Ratio 
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4 ft 6.25 inches 
().6875 inches 
0.065 

Pie ainches 
2.75 inches 


().3125 inches 


Westlake 342 Senes 2100D 
25 BHP @ 7000 RPM 

25 ft-lb @ 4000 RPM 
Leal 

4:] 


LIST OF REFERENCES 


. Vandiver, J.L., RPH Preliminary Design, Trend Analysis and Initial Analysis of the 
NPS Hummingbird, Master's Thesis, Naval Postgraduate School, Monterey, 
California, September 1992. 


. Gorham, J., Gorham Helicopters is proud to Present Our 1/5 Scale Drone Helicopters, 
Background information and helicopter specifications fascimilied from Gorham 
Model Products, Calabasas, California, July 1993. 


. Westlake Aeromarine Engines Limited, Operators Handbook for WAE Limited 342 
Engine Series 2100D, Normalair-Garret, Ltd., 1985. 


. Robinson Helicopter Company, Robinson R 22, Brochure and information packet on 
the R 22 helicopter, not dated. 


. Robinson Helicopter Company, Robinson R 44, Brochure and information packet on 
the R 44 helicopter, not dated. 


. Sterling Instrument, Handbook of Shafts, Bearings & Couplings, Catalog Number 
[D200, Stock Drive Products, New Hyde Park, New York, not dated. 


. Borno, L.M., Design and Construction of a 1/4-Scale NOTAR System For UAV and 
Full-Scale Research, Master's Thesis, Naval Postgraguate School, Monterey, 
California, March 1993. 


. King, R.L., Evaluation of Alternative Concepts for Rotorcraft Direct-jet Thrusters for 
Circulation Control Antitorque Systems, Master's Thesis, Naval Postgraduate 
School, Monterey, California, September 1993. 


. Chief of the Bureau of Naval Weapons, Handbook, Operation and Service Instructions 
with Illustrated Parts Breakdown Hovering Fixture, | January 1966. 


85 


INITIAL DISTRIBUTION LIST 


No. Copies 


. Defense Technical Information Center 
Cameron Station 
Alexandria, Virginia 22314-6145 


. Library, Code 0142 
Naval Postgraduate School 
Monterey, California 93943-5100 


. Department of Aeronautics and Astronautics, Code 31] 
Naval Postgraduate School 
Monterey, California 93943-5000 


. Professor E. Roberts Wood, Code AA/Wd 
Department of Aeronautics and Astronautics 
Naval Postgraduate School 

Monterey, California 93943-5000 


. Professor Richard M. Howard, Code AA/Ho 
Department of Aeronautics and Astronautics 
Naval Postgraduate School 

Monterey, California 93943-5000 


. Aerospace Engineering Technician Don Meeks, Code AA/Mk 
Department of Aeronautics and Astronautics 

Naval Postgraduate School 

Monterey, California 93943-5000 


. LT James L. Vandiver 
729 G Avenue 
Coronado, California 92118 


. LT Robert L. King, Code 31 

Department of Aeronautics and Astronautics 
Naval Postgraduate School 

Monterey, California 93943-5000 


. LT Gregory J. Fick, Code 31 


144 Sherwood Drive 
Pittsfield, Massachusetts 01201 


86 


- se 








DUDLEY KNOX LIBRARY 
NAVAL PORTGRADUATE SCHOOL 
MONTEREY CA 93943-5101 











ay 


hee - 
SOR ante TR BEET is LIBRARY Veh eae 


» tog? ape gf 


Been ia = he rT 4 
Cnr iG fet a Tf \ ' | 
aN un ui Fs ae Uy ie | | | | \| | MH || | iH | If\k | Hy | PEA eek aes 
ry ; 2 | | Pores ta | Pi 
ae iy rs era f F a oer | ] \} i} | i ae ey sl me ji 
us Habe eile ind fl WHA ALG Ue | | ree al 
w en 


F y 
m Bite eat ; iH abd ih , 
a i ; 
























ws 





ue 
ee) 


0 ql 
HOR EOL) 12 
Caran e be A 

: b 








tg 
ae 


F 
& Thad o a | r 
' 


























hd ares * ? F Reb ui 
Rau Ol i p i oP rats ny ocaty 
i supe bow Ey at bps Cy rr ti ; 
as eG * al MAES AF he ot eat RU GAsn aba 
* 4 4 io) baat e 
ronan 
v a a 






Se 
Cust . Leena 
ha es Se 
Pipe osdalh @ 


















































































elnepe 
r + aa iT of 
ry ih? ar rent) q 
erie dn ri te tS rd Aw ivye 
oA Pat Rath ; ;! vais eke = OY rote PI el nie 
Cr aR 7 s : the ve ie a Te he i 
Leta ry BS ; nae fice at i 7 ALY a] oyisunk 
et) Spe ar are ie add x te ° a Py ey are) 
Pris] vid 4 bai Ned He a ety , 7 aA oF ” ra fee 
ae Pea rake F edi) i au a 
ie r vay 
Hikton wwe “ 7 
f iat 
[el i em be 
{haath ts HW aie hf or 
ie Ua i! deigee 


iy OE oe eee 
bias 





































































































































































































































ana) Ceara ridon 
r alee) ed rie 1 os ms 
oC ro bates aed 4 ap ry aad wv « j a } 
Puig ee Bile eH eat T i eee tre Enbte 
> Hy oe ta Neg ol eae pier yt 3 a Se f A a hae a 3 Pe Lee hy aed Abb 
tents try ede! poe au res ; iw Cea ret) ae bee arm 
ald PEW ST es Bie eG rp AO aed a rar ry 
hele nity oe Oi A i PPT iio aT $, q 
“ . 
; Paes ea ai a rn of ea a ere mn 
rd v7 + af a ' Mad rr) 
fi be a 4 Eph t erst sagibes? the fe Te eed Monin Aotpie ne oa iL 
hats La Pr es fp csPiot Fb at teak 
Py F el - A a bs ¢> ,@ Pr ae 3! mo oad 
Path eh baat Pee EY cn ee 
Lhe Sawn or a Bry & ASP peed ee Aly O rer 
Picts yee pee is} Pp ae ok tala Ea Sctate tenet sy i G Hi, roe ay Md) AGE CT atl La eae a 
fs see ran a ra Ma! i ry 0 } 2 ti ry ie - rh A peu LA Protas ram ae ie es are 5 yor na wired ey 
Tee ee G re ot wr) re Ue ‘ Aa Hie haat Cs att aL Whe Ray A ae ee a Aeriey) 
ae tae rit} Sic tf ed hy fs pa TP oF A 7 La a Bot eQenyit” sys otalst taf ees rt ht or BL Pry oes 
b FA f , t ee . f 
Sau Morr ieee (treed HP Pe i iu oy rN es a et maar Speer f eae Fo aes Sa ary; Hoe eee aoe Tr 
rite apr Bt Se 5 fae at yop? Rae $e ! iit rae f;" pated kPa ae a rae re ey Rea a 
See a. ass ae 3 OE A ak haa aU Nae Dante oT A ee Sep tyre * “ 
itt » 
Pew et ate Late} fi LOR 
oa + tt ‘4 ' A 
oat oe 
; pany 
* 
‘ at} 
r Py 
¢2." i 
Pl . 
Fi ty iat ae 
4 AON SOTA SC OL ef ete i dae ti : 
? SUP de Ls ie et) ore setyeaghete » Cpe if Sica aaa epee Or at le 
i veal Rhea - t fps fea ee, Pye tg by ete TT. T 7 ran A A Pre RPG on or 
Bae a8 5 . Z C ; ar) ate @ he pee 4 he 2 his ya erry aes eee cy ee me etic 
PBUy ah ane Pr PP? J AS one ey rs ane ry a exes Tb Rar & pas leeds rT) ee ee te Pes 4 bos ae Fe Come at OP mpty 
eMaies Hy AyLDQP® Fe PaPush” otwingd Eee a CRD OVD A var a R He a ud hd eal A are ere ric Or ee oe Yh 
Oh had ca ou He oe oe RT ae re Ta ee rk peetbeedeae op ¥ a aa 
rere ts a th ed i Pret | wt pee rie th rar ee © ee ee Cd > . A 
Seen Pe ic, Mena Lan wpe (ctl oben Arce Pry ee es A SR ae Cr 
te ot) Dee Poe ¢ Cede oY ar Reis Wey 0 (ot Di Aimee eg ot eb a | ° +i i b it 
sets cae oes asdic Mombeyel eigenye) eet rte See] a Paik ry) av. i 
ard Trea) rye Cy LY CY hy ees ee ee . ' ilar yen tie kL toes 
eA. e % (4 ge ef eco ae yt F ae « ee . 
1 f in ¢oe Pe bs 
yt rer ae 2 . e 
Ao Fiabe Pees Hee! Yin me ' 
There are wy! “A, ache 
Trea oi er fee: rar ou 
A H r 
rormegee? “2sge BD, i nar Horie Fé £ rie ° ure : : [ 
ody 268s Py "Poet saved 7, ere ™ oar) t 
a . rar SEED rita Apr a tear t a » ‘off P 
w ee ie A aa a H Co eee SU Pa tte 5 er tier oe 
Ls STA te san aC as Tre. Tere . Pe eet aot 
fy 
Cura ghy veg? tel ree Beet ety aH eee 
, 
Pay PAH ee ae ee 
RES Ee ee eg F Ae Gee TL Kp ri Pre pac 
a ee = rh . 4 aby 3 ri Pre irene ty) ky Ae ioe PAL Samii sr Fi 
PiJh lob ae . f ae eat Mekal aie panne P as 
Pyne tad : , i v ie F Sith iat co Per a erie 
5 i as ow) ihe, arg : ' 
Bs 3 un Apt Pees UE aS 
te Har) ph 
) te 
ry FA 
regtsWr® @ 
R«@ mPa ' . 
' J et ' 
r a DAT Laer S Le bate te Caro Sit ha ae | a 
rie bets . Y pf wel Seis hi hd Te orl aT ‘ 
ose a ree oe ee 96 “atte rar) } 
Yaw So tet ae pros 24 Oi ANH ay Hh yey 2 aes a oe ee 
7 oy ne 3 aT ae art en Ebr LAG AI Fn ear ees 
wis yet ‘ee f Th eee Prawe z 
Fie ris wintatt Pa re Seer 5 
us ad eee ae Daiaete ak fs 
Hy A 










4 et 2ety 





8 peed Oa gto hee gee FIA Ph at 
Apt ANG Angee Nena rte 





Se ta 























3 2 
ta aay a 2 uJ 
Ea ies et Yo t rue of Pye id La ee re +% 
om i g p my J aD P ead s Pe oo Risks ik Sa . or fare Li * o re 
és A PTE Roe Te Ly 2 oo Se CTE PR gis as ae 
re Se red I j 
s ar 





ees 2 


* rere a 





pt OTT Sd @ yi preeynra 2: 
vo Ee SS DS Soe Loe Fat Hat Y 

d; esyceen ues? 
ee iiiz 


4, 
sit, * 4 ¥ 
FS eg aRe te 
Pie Et eth ad + 
TA a 















Ie ok Ca ie ok 
abt Ae 
afeots tyrtyr fos 8, 


eps 
. 
MPS e Ae a 














art a Se tank 
; ? ee 4) e,% re rf 
Pod tan cy er A Pt 
ha + a A i ae ‘ 
fe | i ‘ee ft 
ig an Keene Be ete 





ad ink ay* * oe a od 




















































Oy Wt nt Lee Oe ee a 
a ees ee ry Yh 
asilone ¢ yt? 4 3 Poe 
en Gl ee 0d ee Ue Cen ge A aa 
Ms i hi Piotte eta Figo ee sg S ELS OF I Lt i le SO (La 
u a Oe A iF Me: LS hel Lot a ee Lt eh ij Tet et sbi eed Lame ie Or 
A a: , AS + te pret bZ ofS* Gos % eet ot oie >o 
eo abla tee DS » ye 2” Part em oe | Se Pr eT 
aed wat A Os 
sa, f 







yee "stn i? cr ae a LU seal Loe 
11> eA 5 
S irerht rae as 












a4 ret 
eyhtale gaye q 















wv cay haha i 
BLY Me hd Lah! vi, ferry te, th Pury be ys oe iv vie 
Se As ay Hida EO 5 
tte FE ; Se i hy sper ea stage epee y yu} cen vol 
bf! 5 bi b 
“yh fi? Peers » ere ee) eee a) haat 
hgh Cay OA a eg Soy cus 
Rte s?up tn ae rma? A Toe ed 
MPLe Yee 8 oe ee o has cn yee Puen Fa 





Fra; Foss firs rt ae ne ca or i 
+e ‘ wf Sey mh om Pah FF ot VPaeP AEP 
a 


Pek 














brope gh AS Pte 


MeL, thd Bell, DS dada 
b 
he Very Fomet 







































































































































































aan 2k 45 End be 
eer doe! Fy 
tai Ta) esd vg don, Gisiy it 
iy Hi re Tet Y) oe ier * 
ret PL ae * "on L 
t bey Yr Pee ee be ie 9 ive? 2 5 ry hc Py 
Prim ory eh Bye eg Ref yet ae. ns ae | ry ' 
py Fi if hee cote ea : om era ran ad » a fl ‘ 
Eh ead he H ) ‘ Por ate Oe Pe be Cae Ce ry epets tee 
z an SP Leary 4 sty LCT ee a Aaa ey | 1 wa tan # ros 1 ae ‘ » fF toe 
Ly a Pre a tte a an sly rrr a ree Pe ee 4 aT ar Pe Ov ‘ 
ie Takes Aaa § Be oO ee 
rh a Li ae ase >of J 
ac] APE Pa PS a ee) 
Merce ea CT Pa pe . el Cet x 
Pe ee ee fae | rh a! cd 
4 ees he) 4 oe 4 * 
Fei Ld [Oia Pe. ‘ oe HAS : Se CCC “Wr 
yy ate Yor : a he Rae Ta hs | , , : 5 any re Ori ee TT Ok 
re PP Pa te thd ee E ; . a onal a. rey Tt 
Xe Pris Bonin ; ‘ened € aa’ a] , 
oa 708 + Pays ‘ Cre ar an) p 
oe c Pee A rrr eT o. ¥ yi 
red bell or) eat aT ia ) . ¢ my . Pee Pere Pe ta 2 eee an . 
rhe 4a Tar ed Sle pn 4 x rf Ie Meats He HM te BAIL 0 La H t 
¥ tee heh rues nia E 1 rae : Res rere Peers) 5 ¥ oe wee gee Ce ee 
rh. rh ate Fi * fal oy Hae! oe MOIS cP a : nla ; i ls ? a Are ets se ft "s a 
BIRO he be Res kd a ea > A oe ie keel bh Pit bd iT iM 4 S 4 4 4 1) 1 ea ae ae Ged tee ee 
A a ‘ ; 5 b aS Se am 1 iH re ad TAY sas oe} ast r Tia! teaeag? Cy Se Vc) a orb see 
5 cas rere | cH Aes 2k AN DD NS ay ge ete 1 re tatte Kiges = 29 etry perenne 
ee at at ois ee awe? re “yee ir ore) 'z sotee ‘> 
a , ee Oh ar Leare Pry aay Cy ‘ AT teenie » Le 
° p ‘ A 
ro SN Ae ak 4 eA bard tampey et te AE BP ae Voc Ose ade 
aed ele \ AO 7 Fh or Sel er Ar ee +! . 
: a $ Co aL 
, i De Le 2 bs nd oe or JN el Bi i at # peti) ] 
ate) Hee e raat Fi » ed eit me ee Pepe aod es vs yw See eer F hale A Ge IP aL et Bot ' : syle 
pag iat 24 dpa a AIM ent ST CSTE tere mR ae Wats atta phate psa betas eatteg , ‘ es 
roa ; ee gee a Matar e ay stey slats Potty (eer Ua ALPS BT eich eet as a: 4 
i be Ha ds ‘ . oa 
ry 7 ee ee 












ars “AG hae Pears Pies rh 
oT ID te Sos oh a 


Cbg F 


‘ 
(Paris eed) i Pe 
































fr we aS Sa ae we Z Atle hoe Cn! 
: Pahoa a ae Hi ay 
Hf ae Fh Pa ae r 2h PNY Gull ee ae “ 
Aa ON eT ay at meee tao oe Stee en 
a rs! ae Od Phe = 











aren 


Tae aries Aer res 


ree eer eee 2 
Oe Ae 

























La 

PP ode ‘P 

ae Pursh rds oF Sa ae 
t * we, U'le 


a 
ne Le r rit 





hl WL ahoLe A 


Pee 

































el If jhe OH deetew 3 
Sibrigse beets we N Stan tee Rae hath ome 
Pe et do Pata Se te ats ast os a 3 oe Ag eee Wea 2 errs any : epg et ti 2a € as Ora 
ey ? +> Raina ie A Pi oh Pr er Ta om 5 ne 
aad Po Inhale y ve eter . 
Lie Tha 








2A Male 

aise poke Yr al " we te ¥ Van ; 

ret a ary ayes “NY 4 BY Uy My bere 4 wee ed ee - atte c ye 
A , I Ped . Ae as La a 
ahd Teh ee ro tans 

fe ee Oe be 4 Can etereet. fat 
tan Daal TP Ps ee ee ee t' Ores al 
Pian Fiboeane henry tar ye! 
b 








































































rr PA ig Crit 
J Soe > 
pt ety Le ee 5 ~ } 
bed reed ert aa Lt Ee) Dieta bres 
Pu La ite AC) Mieke Be > J od ESR Pt VU hed 
4) iy bad 4 a fare Cee lea 14 ee ey Sol aa a 
be ol thd wy eS \ re Oy [wea Ph Sts ps a Pe er) 
oh a > ie a aac Paras SR ehte 14, j ‘ A 
4, Pee Ped ed ok Se a PS et 
Cae CU 1] es 
ayy 









aria Sr P orett 
’ Para a Pris 
. Len 


bd Aho 
uP arerretsa ev ne iS 
ya a by eae Bates OL Pt ee : ae i 
re ea | PS ye 42 ae a Th : are Pry ae 4 fey, t 
Ree Pre ro ee ee rt et ree ert an be 3 , / a 
Peatin q a t by a ba a ne ) # fu atts t . t oy] real ‘i Me He 
r f ae Or 


a Led 
4 od al dh Pat dens © h na! 
et hate Sth : a te : bts ie 4 ent ey | aly Oe: 
; aot eas 


ran et eet y en ne 
retaye roe et 









WW oeeny nt 
a shal aad c 
Pra 










nT a 5 i ar a 
or rs rec ee ae 


ee peek Coat Ca] 

































ralhad cl sake Ak LL Sekate 
here as So Aas le ok ee we he 7 4 
adele $44 VOTRy Saeki: Me See yreerae s BE ‘) RT 4 
r ro ’ hr Ae mo oe Pe autre t ol . . ' * wet "2 ° 7 
! ; ety FEET OR RO RRC RE 
j ( roe) ral on a YM ta CLs Soe ee D $ a] ict J Ca sa 
eae ey % ee pig yee HIL fief ' repel tf RA Hee | 
dgel eaR Re ae oy apt repre 7 a ths me, Saat MH tat ae rm se Rae ere ts pea ele a a p- sal or Aro ? A 
F J ’ Aat ar ie a \ v ul 7 ad faery Py " * A 
asd SEatn Wot meal al icaelpe ca i Pn Po et ats ro a Were CRP iNT BIT AE Sane BH AREY tara ate ee put 
S$ behioded Pere) Seca ie We has Cae OR rant a ha F » . - , ere ate en aay ° cn = , 
Pr psaeretent es Reet it) re pe oun Cay Fit a LN a . ores ty fl *, pee deny te 3 ; ; 
t , d 4) va 7 “4 Hot Ve A 
t 


by id ghia Cae uke) ee 




























Site teeta tah 4 , 
wer ete? i P 3H i sy c 
are atta Ma meta STP RE Ny ronan , Hh 
pyres: " , F 4 i bri 
Dette dare ha bs (OM ue 5 Yi 1g? fal ‘ Wr , fe Y ep Pee eo 
Fd © ) ry Fi fe a ae os t 1 p ie th cr | anh any tide at 
F La . at o Bh ! : ees La hotel rt Lata bed Pea GY 
a J art rn Pine Wor 


ips Pm ner ah * 
Rat k ; Sao serait 
* a” ey 
Shane at He i ag 
tia 





eA Pat lS UN lol el 2 ies Cd | 7 
PES ore gape OF ow Aas 

q ey cre it 

HO Rear 

S lgame [St 

ra nee 
ate aren 
































A 
ee iy 
Ve bare oe) Paek w 
aa] aes rt tae oe 


“ph Lae p 
ry 2 3geen A a tr ery 


wre Are he an 








eS 
Pye. ae ee 8 oe 

A, er ae tae, Aa) 
Tiheey eT hy PS td sa 












2 
He f A iy b ig 
ae Si ? AH ay ee mis te : 
























\ ie 
ier FP a) > erie vi Os an er [we a 
‘ Sat ay i pverinks © i, tat tea i 
iy het cars thee ed wen 





weet Ep 


Se he i st 


esr ar ry 


Sere ake) 





H 

ep fet! Gar Pras’ c » * ted 3 

fel "bel al oe Sek Sak ol wn 1 Ly aH 

BOR Cte etna eC TCC SE Sa 


Renee Fa Md pi aero re 


Yigwut 14 
eu Pe 


ae 












D ‘ 
ry bp ae fj F 4 
aR eae eee - Al oA ney Paar aah On aa a ; reat PLT tee Pe Bl: 
Dt td gee i ‘ ti f ° a) , hi J 4 “ ." ; Pr AA Pb 

mA) 


cA AL Rae BAC 
ba teh tte et coor 1 BSE a 
ie iA , aa ey: i 








Carat 
2,0 2 91 eti Beer 
eaceel 
eee nee Tod ol vi J urge nh Ne 
bet i 
5 i PL ic el tue age may . oft Wy i i en hd hE] eka La ¥ A co ’ . . ‘ y 
Ce San eee Wohbst ‘ FEM eta Let a 4 0 , c 5 ; PL Bae ; - 
Ti A cae Ag ad TZ ; ; can iy ¥ 5 red Pat Sem ” SP z TPs erie ¥ ie ee hee oe are c ar ee 
. b yl ci aaa ¥ Lact) C a wi S Pere n | r PUes i ote rn [eee A eteb a bee 
on rae | ret oT H 4 1 ys at ae fi ar PL ' ey) yee ' 5 . ry 
=H "5 os er aL ‘ Z | ps r 





